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PRirACE TO THE FIFTEENTH EDITION 


According to tlie Standards of Weights and "Measures Act 
(India) 19oG, the metric system has become the only recogniz- 
ed system oE weights and measures in India from 1960 With 
this change, taking ovei, there was a constant demand from 
students, teachers and practising engineers to have our books on 
SuT\ eying and Lei elhng reused to suit the present day require- 
ments Part I of Sur\e\mg and Lev elhng revised and rewritten 
in the metric system, was published m 1965 In the revision 
of Part II for this edition, metric iimts have been adopted 
thioughout Numerous examples are added to make students 
more conversant vnth the use of tlie metric system and its 
relationship with the F P S svstem Standards of materials 
and specifications for instruments as laid down by I S I have 
been adopted wheiever available Elscwliere either rationalized 
V alues hav e been used or the practice aiirent on tl e Continent 
has been adopted 

The author expresses lus indebtedness to numerous I S I 
publications and German text books on the subject which were 
found of immense help m the compilation of this v olume He 
would like to make grateful mention of many of lus students, 
teachers in the Engineering Colleges and Poly’technics, and 
engmeei friends m the field who have made very useful 
suggestions from time to time Suggestions for further improve- 
ment will continue to be welcome 

Poona, 1 

4 Oct , 1907 J 
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FOREWORD 


With the large number of major and mmor ungation 
and power projects contemplated under the Five Year Plans, 
the time has now come to recc^ise the need for a new out- 
loolv in the training of young engmeers The speedy execution 
of such projects now demands greater familiarity on the part 
of the average engineer with more specialised techniques and 
subtle methods of approach than were customary in the past. 
Project authorities can e\en vouch from their experience that 
tune schedules of sev eral projects could hav e been substan- 
tially advanced if it were possible to undertake the survey 
and mapping by theur onn organisations instead of dependmg 
on speci^ist departments While the comprehensive syllabus 
m surveying currently adopted by nearly all Indian Univer- 
sities IS, therefore, a matter for gratification, the need for the 
students to acquire a degree of familiarity with the advanced 
methods cannot be too strongly emphasized There is room 
to think that opportunities for such familiarity, which should 
lead to proficiency, are still to be desired on a wider scale m 
many Institutions. 

K suitable book which can be used for intensive study by 
the engineering student is one part of the improvement plan 
Such a book embodyuig advanced techniques with appropriate 
emphasis on methods of application and written in a language 
easily understood, plays an important part It assumes added 
importance m the context of a proposed change of medium of 
instruction m order that the transition from one medium to 
another is brought about with the minimum of effort on the 
part of the teacher and the taught Shri Kanetkar’s books on 
Sun eying, which are among the few published m this country, 
while meeting the specific requirements of the comprehensive 
syllabus now m use, go a long way, as a possible basic 
publication to be adapted to regional languages when such 
need arises 

Numerical procedures have a special significance m Sur- 
veying no less than m other branches of engineering Indeed 



certain special methods of approach are more eas>il% ill us 
trated by an aptly chosen problem than pages of description 
Viewed from this angle, many of the problems m the book raav 
well be regarded as a part of the subject matter rather tlian a 
mere illustration of a particular procedure The disersitj of 
the problems presented m the book, both solved and unsolved, 
should suggest to the student the possibility of almost unlimited 
presentations and combinations and tbe need to tackle them 
not infrequently, on his oivn initiative The success of the 
book lies m leading the student, step by step, to a point where 
he can tackle any problem likely to be met with in the fidd 
with confidence and ability 

The author’s contmuous efforts to revise the book and 
enlarge its scope notwithstandmg the warm reception enjoved 
by It even when it was first published m 1930, de&er%e the 
highest praise The Institution which he has sen ed with 
distmction for over a quarter of a century can well feel proud 
of the high traditions established by him It may , it is hoped 
prove an mspiration to others 


College of Engmeermg / 
Poona — 5 > 

26-7-1953 


L T Ammbhavi, 
Professor of Civil Engmeermg 
Head of the Cn il Engmeenng 
Department 



PREFACE TO THE NLNTH EDITION 


This latest edition is thoroughly revised and brought up to 
date by Prof S V Kulkarm, b e (hovs ) m sc (eng), 
AMI STRUCT E Lov ), A M I E ( INDIA ^ Associate 
Professor of Civil Engineering, College of Engineering, Poona 5 
He has a long experience in teaching this subject and has taken 
pains in revising the book, making it most suitable to the needs 
of the students concerned 

September 'I Manager, 

1960 J A V G Publication, Poona 2 

PUBLISHERS NOTE 

We regret to announce the untimely death of Prof T P 
Kanetkar on the 2'lrd June 1957 To continue to publish hjs 
admirable book on Sun eying and Levelling is reallj a fitting 
memorial to his soul We are doing our best to do this 
We are lery much thankful to Slin S V Kulkarm, b e 
(Hons ), A M I Struct e (Lond ), a M i e (Ind ) Lecturer 
in CimI Engineering College of Engineering, Poona, for his 
kind suggestions 

23id 'Mai 1 Manager 

1958 J A V GninA Publication, Poona 2 

PREFACE TO THE FIFTH EDITION 
In undertaking the revision of this book for a fifth edition 
the subject matter is revised thoroughly with further addition 
of a few typK al problems and diagrams 

The author gratefully acknowledges his indebtedness to 
the authors of a number of standard books and text books on 
the subject which he has found of immense use m the preparation 
of. tbjs. edJtJiOT. TbJL mithryi vUsn, Nbnnte. 

to the authorities of the Universities of Karnatak, Poona, 
Bombay and Gujrat for tbeir kind permission to reproduce 
questions from their examination papers 
Poona 



PREFACE TO THE FOURTH EDITION 


Iq meeting the call for a new edition the opportunity 
has been taken to re\ ise the subject matter thoroughly A num* 
bet of additions are made , the more important ones are • 
Tbeorj of Anailatic lens, the descnption and use of Beaman 
stadia arc, Direct reading tacheometers, Sun dial, and Solar 
attachment the methods of determining the Jleridian, and 
Longitude , and the method of settmg out a Parallel of 
Latitude The section on Astronomy has been enlarged, and the 
problems with answers from the examination papers of the 
Unnersities of Poona, Bombay, Gujrat and Karnatak are added 
at the end of the text for solution bj tlie student It is 
hoped that the additions will add to the general usefulness of 
the book both to the student and the practising engineer 

The author gratefully acknowledges his indebtedness to 
the authors of a number of standard books and text books on 
the subject which he has found of immense use in the preparation 
of this edition The author also wishes to express his thanks 
to the authorities of the Universities of Karnatak, Poona, 
Bombay, and Gujrat for their kmd permission to reproduce 
questions from their exammafion papers 


Poona 

August, 1955 


T P. KanetkaB 
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CHAPTER I 


TRAVERSE SURVEY 


Omitted Measurements 

A Survey line may be represented on plan by two rect* 
angular co-ordinates, if its length and beanng be known, the 
axes of eo ordinates being a North and South line, and an East 
and West line Distance measured parallel to the former is 
called Lahtude, while that measured parallel to the latter is 
called Departure^ The known length and bearing of a Ime are 
together referred to as the Course of the line. 

The trigonometrical relations of the course with its lati- 
tude and departure are as follows : ( Fig 1 }. 



Latitude (L) = length X cosine reduced beanng. 

Departure (D) = length X sine reduced beanng. 

Latitude is positive when measured North or upwards, 
and negative when, measured South or dnwawards. SumjJAsly, 
departure is positive when measured East or to the right, and 
negative when measured West or to the left North latitudes 
are called ‘ Northings and south latitudes ‘ Southings *. 
Similarly, east departures are known as ‘ Eastmgs and west 
departures as * Westings *. 
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Hence we have • 

Northing = North latitude = + L 
Southing = South latitude *= — L 
Easting = East departure = + D 
Westing = West departure « — D 
The reduced or quadirantal bearing of a line determine 
the signs of its latitude and departure, the first letter ( N or S ) 
of a beann" giving the sign of the latitude, and the last one 
( E or W ), the sign of the departure If the bearing of a line 
IS given as W C B , the following table should be referred to, 
to detenmne the signs of the latitude and departure of the hue 


W c B 


Qoadraot 

Sign of 


1 


1 Latitude 

1 DepartnM 

Between 0* and 

90* 

I N E 

+ 

+ 

.. SO’ and 

180* 

USE 

- 

■ 4- 

>, and 

270* 

j m 8 w 



. 270* and 

360* 

] IV N W 




A closed traverse may be said to be completely sunejed 
when the length and beating of each of its sides are known 
The bearings of the sides may either he obs“rved in the field 
or computed from the observed bearing of any one side and 
the included or defiection angles of the polygon 

As a rule, the bearings and lengths of the sides of a closed 
traverse are determined by field observations m order to have 
s check on the field work But due to obstacles, it is not 
possible to determine them by direct obsen ations, e g the 
length and bearing of a Ime joining two points, which are not 
intemsible owmg to an mtervening obstruction such as a budding, 
or the centre line of a tunnel whose ends are not intervisiole, 
or if. from accident, omissions occur m the field notes, the 
pnnciples of latitudes and departures may be employed to 
determine the omitted measurements, proiided they are not 
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more than two in number The problem is indeterminate if 
more than two qu^ntltIes are omitted Tne sides, of which 
the parts ( two bearings, two lengths, or one bearing and one 
length ) are missmg, are called the affected sides The affected 
sides may be adjoimng or separated In the process of calcula- 
ting the missing quantities, it must be assumed that all the field 
measurements are precise Consequently, there are no means of 
balancing the work, and all errors propagated throughout the 
surrey are thrown into the computed values of the omitted data 

The solution of the problem of omitted measurements is 
based upon the fact that m a closed traverse, the algebraic sum 
of the latitudes ( XL ) and that of the departures ( 2D ) are 
each equal to zero 

If 1,, etc , he the lengths, and flj, etc , the beatings 
of the lines, then 

cos « 1 4- Ij cos -b =0 (1) 

li sm -b I 2 sin + =0 (2) 

The solution of these two simultaneous equations give 
the required values of the two unknown elements However 
this method is not convenient as it necessarily involves large 
numbers and may lead to confusion The following alternative 
method is preferable 

The common cases of omitted measurements which occur 
10 practice are 

(1) (a) Bearmg of one side is wanting 

(b) Length of one side is wanting 

(c) Length and beanng of one side are wanting 

(2) Length of one side and beanng of another side 
are missing 

(S) Lengths of two sides are omitted 

(4) Bearings of two sides are wanting 

In the first case only one side is affected by the omission 
ivhile m each of the other cases ( 2 to 4 } two sides are affected 
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by the omission The following tngonometric relations of 
the course of a hue with its latitude and departure should be 
used jn computing the unknown quantities 

(i) Latitude »= Length X cosme reduced bearing 
Departure = Length x sine reduced beanng 

(ii) Tangent reduced beanng = 

latitude 

or reduced bearing = tan“ ' 

latitude 

(lu) (a) Length = V ( LaUtude)*+ tdepstture )* 

(b) Length =* latitude x sec reduced beanng 

(c) Length departure X eosec reduced bearing 
Dse (ill) b or (m) c according os the latitude or departure 

18 greater so as always to calculate from the greater of the known 
quantities 

Case 1 Bearing, or Length, or Length and Bearing of 
One side Wanting —In Fig 2, let the length, or bearing or both 
of the line CD be wanting To determine the missing parts, 



(0 Compute with correct signs the latitudes and departures 
of the known sides DE, EA, AB, and BC 

(u) Find the algebraic sum of the latitudes ( 2L) and that 
of the departures ( 2D ) Subtract algebraically each of these 
sums { 2L and 2D ) from zero m order to obtain the latitude 
and depaiture of the omitted or affected side Then 
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Latitude of CD *= — SL 
Departure of CD =* — SD 

(ill) Knowing the latitude and departure of CD, calculate 
its bearing and length from the tngooometnc relations (ii) and 
(ui) with due regard to sign 

Case 2 Length of One Side and Bearing of Another 
Side Missing — In Fig 3, let the length of DE and the beanng 
of EA be missmg 

(i) Ignoring the affected sides DE and EA close the poly- 
gon formed by the known sides AB BC, and CD by the closing 
hne DA 

(ii) Compute the length and bearing of the closing line 
DA as in case 1 

(ui) Detennme the angle {$) between the closing line 
DA and the line DE of known bearing from their known 
bearmgs 

(it) Solve the triangle DEA formed by the closing line 
and the two affected sides 

In the triangle DEA, the lengths of the sides DA and EA, and 
the angle ADE (fl) ate known The angle DEA (({») and the 
length of DE may be calculated by using the Sine rule 
DA 

Sm 4* ® » Z.EAD sss 0 sas 180"— { + 'll ) » 

de = ea!^2-?=da 

Sin 0 sm 

(v) Determme the bearing of EA from the known beanng 
of DE, and the calculated value of the angle (4') and check the 
result by finding it from the calculated values of the beanng of 
DA and the angle 0 

AhitmizAwe melhod — 'In order to simp’iily the computa- 
tions the side of unknown length may be assumed to be the 
reference meridian ( a north and south line ) The bearings 
of the other sides should be calculated with reference to this 
meridian and the latitudes and departures of the known sides 
should then be calculated 
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This artifice eliminates one unknown quantity, \iz. the 
departure of the side assumed as a meridian, since its value is 
zero The algebraic sum of the departures then gives the 
departure of the other affected side Knowing the length of 
this side, its beanng with respect to the assumed mendian and 
its latitude may be calculated The latitude of the side assumed 
as a meridian nsay then be obtained by finding the algebraic 
sum of all the latitudes and equatmg it to zero. The value 
thus obtained gives the length of this side as its departure is 
zero This method is applicable when the affected sides adjoin 
or not 

Note — This IS an ambiguous case. Two values for each 
of the unknowns ( length and bearing) are possible in this case. 
However, it U usually evident which of the two solutions corres* 
ponds to the survey line, if the approximate shape of the figure 
«s known 

Case ? Lengths of Two Sides Omitted —In Fig 8, let 
D£ and EA be the affected sides 

The first two steps are the same as in case 2. 

(m) Determine the angles s, and »{» of the triangle 
DEA from the known bearings of DA, DE, and EA Check 
the result by adding them and observing if their sum equals 
180*. 

(iv) Compute the lengths of the sides DE and EA of the 
triangle DEA, of which all the angles and the side DA are known 
Applying the Sine rule, we have 

DE«DA and EA=DA®i^ 
sm 4' 

Case 4 Bearings of Two Sides Unknown - In Fig. 8, 
let DE and EA be the affected sides 

first two steps are the same as in case 2. 

(m) Knowing the lengths of the sides of the tnangle DEA, 
calculate its area by the formula 

A = V7^ ^ o)“ (a - *77* - c) 
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(iv) Determine the angles of the triangle DEA by equating 
the cakulated area to half the product of any two sides into the 
sme of the angle between them 

(v) Find the bearmgs of the sides DE and EA from the 
known bearing of the closing Ime DA, and the angles $ and 0. 

When the affected sides are not adjacent, one of these sides 
must be shifted to a position adjacent to the other Tbej' should 
be omitted and the known sides shifted each parallel to itself 
so as to form a connected senes of the sides. The rest of the pro* 
cedure is exactly similar to that in cases 2 to 4 



In Fig. 4, let BC and EF be the affected sides In order 
to have a connected scries of the known sides, shift the known 
sides CD and DE parallel to themselves in a direction parallel 
to one of the unknowns and dose the polygon by the Ime E'F 
ETl 13 then parallel and equal to BC. Thus a tnangle FEE^ 
IS formed by the dosing hne E'F and the two affected sides BC 
and EF. It may be noted that the length and bearmg of a line 
remain unchanged when moved parallel to itself. 

Note* — (1) In solving problems of this character, it is 
advisable to plot the traverse to scale, showing all the condi* 
tions and the tnangle that is to be solved, thereby avoiding 
mistakes and facilitating the work. 

(2) Having obtained the values of the unknowns, the com- 
putations may be checked by findmg the latitudes and depar- 
tures of the affected sides and observing that the algebraic 
sum of the latitudes and the algebraic sum of the departures 
of the sides of the traverse are each equal to zero 

(3) In all these cases the general direction of at least one 
of the affected lines must be observed. 
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Examples on Omitted Measurements 


Example 1 The following lengths and bearings were 
recorded m running a traverse ABCDE (Fig. 2), the length and 
bearing of EA. having been omitted : 


Line. 

Length in m 

Beanng 

AB j 

217 6 

120* 16' 

BC 

1 3IB 0 

62* 30* 

CD 

375 0 

322* 24' 

DE 

2S3 6 

235* 18' 

EA 

t 

t 


Calculate the leogth and bearing of the line EA, 

In Fig 2, the line EA is the closing line of the polygon 
AOCDE formed by the known sides. The latitudes and depar< 
tures of the known sides should be calculated m the usual way 
and tabulated as under . 


^ j 

LaiitTide 

1 Departnre 

- ! 


- 1 

- 

AB 

1 

109 678 

187*872 


BC 1 

146 836 ' 


282 072 


CD 

297 105 



223 804 

DE 


161*397 


233*076 


443 940 

270 975 

469 944 ' 

461*830 


The algebraic sum of the ‘known latitudes 
=a SL + 443 *940 — 270 *975 
=* + 172 *965 
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The algebiaic sum of the kno^ro depattutes 
= SD = T 469 944 — 461 880 
= -f 8 064 

Latitude of the closing hne EA = — SL =* — 172 965 
Departure of „ = — SD = — 8 864 

The minus sign of the latitude denotes a south bearing end 
the minus sign of the departure indicates that it is west, e 
the line EA hes in the third { S W ) quadrant Let 0 be the 
reduced bearing of EA 

Then 

latitude 172 96o 
« =2® 40 

Hence R B of JSA « 5 2® 40 TF 

W C B of EA = 182® 40 

Length ot EA. = »= =178 151 rti=173 ISiti 

CQS« COS 2® 40 

Chtfcft —Length of EA « V (1^9^)*^8 W4)* » 178 151 m 

»173 15 m 

Example 2 — Given the following latitudes and departures 
of the sides of a traverse ABCDE ( Fig 5 ) the bearing of BC 
and the length of CD having been omitted 


No 

Line 

LengtA 10 m 

Beanng 

l^titode 

Departore 

1 

AE 1 

217 6 

8 59*45 £ 

■ —109 578 

' +187 872 

2 

BC 

318 0 

1 

! 

7 

3 

CD 

7 

N 37*36 W 

7 

7 

4 

DE 

28S 6 

S 65* 18 W 

—161 237 : 

—223 076 

6 

EA 

173 15 

S 2*40 Vf 

—172 9S9 ■ 

j — 8 Ooo 


Compute the bearing of BC and the length of CD 
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In Fig. 5, the closing Ime BD completes the polygon fonned 
by the kno^rn lines 4. 5, and 1. On solving the tnangle BCD 


2 > 



B 

Fig 6 


formed hy the closing line BD and the affected sides BC and CD, 
the required quantities may be obtained. Adding algebm- 
eally the knoirn latitudes, and the known departures, we get 
SL = ~ 443 964 and XD <» — 53 *259. 

Latitude of the closing bneBD «• — XL = +443*984. 
Departure of the closing line BD = — XD =+ 68*259. 
Since the latitude and departure are both positive, BD is 
in the first (N E ) quadrant If 9 be the reduced bearing of 
the line BD, we have 

Tan fl = — or S = 6* 50’. 

443 -964 

•. B. B. of BD = N. 6" 50' E. 

Length of BD = 443 '964 sec 6® 50' = 447 *15 m. 
Now R. B of DC «= back beanng of CD = S. 37® 36'E. 

R B of DB =* „ „ of BD = S.6®50' W. 

In the triangle BCD, ^CDB « R. B. of DC + R.B. of DB 
= 37® 36' + 6®50’ =» 44® 26'. 

BD = 447 15 m ; and BC = 318 0 m. 

The remaining parts may he found by applying the Sine 
rule. 

Let the angles DBC, BCD, and CDB be denoted by 
and respectiyely. 
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BD 447 15 

Then sm $t = sm fl j = sm 44® 26 

BC 318 0 

or 02 s=s 79®55 

ZlDBC = 01 « 180®- ( 0,) 

=* 180®— (70*55* + 44®26 30') = 55®39 

Now R B of BC = R B of BD 4* 6i = 6 ®d 0 + 55®39 
= N 62®29,E 

Length ot CD = BD ™ =. 447 -15 = 374 94 m 

sm 02 sin 79 55 

AlUrnaitve method — 

Here the side CD of unknown length is assumed to be a 
north and south line 

The given bearings when referred to this meridian are 
Bearing of CD = 0® 0 

„ of DE = 65®18 + 87®8$ « 92®54 S W = N 87® 6 

„ of EA = 2®40' + 87®86 = 40®16 S W = S 40®16 

„ of AB «= 59®45 — 87*36 « 22® 9 S E =« S 22® 9 

Then the latitudes and departures of the known sides DE 
EA, and AB are 


Line 

Latitude 

Departure 

DE 

+ 14 34 

— 283 08 

EA 

— 132 18 

— 111 96 

AB 

— 201 42 

+ 81 99 


Now let I be the length of CD, and 0 the R B of BG 

Then latitude of BC= 318 0 cos0j Departure of BC s= 318 Osin 0 
„ ofCD«l I „ ofCD =0 

Since ABODE is a closed traverse, EL and 2D are each 
equal to zero 


4- 14 34 — 132 18 — 201 42 + 318 cos 0 + 1 *= 0 
— 283 08 — 111 96 +81 99 + 318 sin 0 +0 = 0 
Solving equation (2), we get 


( 1 ) 

( 2 ) 


& H 
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Departure of BC = 318 0 Sin9 = + 313 05 
- _l313 5 

318 0 

= TB^ee' or 100*5' 

Substituting the va!ue of 3 ua equation (1), we have 
Latitude of CD = / = — 14 34 + 132 18 + 201 42+55 68 
= + 374 94 
Length of CD = 374 94 m 

Bearing of BC with respect to the assumed meridian 
= 100*5 N E 

„ of BC with the magoelic mendian = 100*5'— 37*36, 
«. 62* 29 N E = N 62“ 29 E 


Example 3 —Below are tabulated the measured lengths 
and bearings of the sides of a closed traverse ABCDB (Fig 5) 
together with the latitudes and departures of the known sides 
The lengths of BC and CD could not be measured 


No ' 

Line 

Length in ra 


latitude 

j Departure 

1 

"‘i 

217 6 

S 59*45 E 1 

1 —109 678 

—187 872 

2 

BC 

J 

N 6‘>*30' E 

. 

T 

3 

CD 1 

T 

N 37*36 W 

t 

t 

4 

DE 

!S3 60 1 

S 65*18 W 

— IBl 397 

—233 076 

5 

EA 1 

173 15 

S 2*40 W 

—172 989 

1 — 8 056 


Calculate the omitted measurements 
As m example 2 latitude of the closing Ime BD = — SL 
= + 443 964 

Departure of the closing hue BD = — SD = + S3 259 

Reduced bearing of the dosmg hue BD = N 6“ 50 E 
and length of the closing line BD = 447 ig m 
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In Fig 5, let the angles DBC, BCD, and CDB of the A 
BCD be denoted bv 6i, fl*, and respectively. They may be 
obtained from the known beanags of BD, BC, and CD. 

/.DBC = #1 « R. B of BC - R. B. of BD 
62* 80' — 6* 50' = 55“40' . 

/BCD = 180“ — R B. of CB - R. B. of CD 

= 180“ — 62“30' 37“36' = 79“54'. 

/CDB = s R B of DC + R B. of DB 
=S 37*36* + 6“50' = 44“26'. 


Check 9i+ = 55*40* + 79* 54'+ 44*26* « 180*. 

Knowing the length of BD and the angles flj, and e», 
the lengths of BC and CD may be calculated by the Sine rule 


BC 

CD 


^ sm _ 
sm Qi 
sin 6i 


sin 44*26' 
SID 70*54' 
sin 55*40' 
SID 79*54’ 


Example 4 Given the following observed lengths and 
bearings of the sides of a closed traveise ABCDE (Fig 5) together 
With the latitudes and departures of the known sides, the 
bearings of BC and CD having been omitted : 


No.| 

lane 

1 Length mm 1 

1 Beaniig. | 

Latitude 1 

Be part ore. 

1 

AB 

217*5 

8 69" 45' E j 

—109 578 

1 

1 —187 872 

2 

BO 

318 0 

T 1 

7 

! 7 

3 

, CD 

376 0 

T 1 

7 

[ 7 

4 

DE 

SS3 5 

1 8 55’IS vr. 

—161 397 

—233 076 

6 

EA 

173 15 

j S 2“40 w 

—172 989 

— 8 055 


Find the bearings of BC and CD. 

Proceeding similarly as in example 9 to obtam the length 
and bearing of the closing Ime BD, we get 

Length of BD » 447 -iSm andR B. ofBD =N. 6"50'E. 
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SURVEYING AND LEVELUNO 


The area of the tnangle BCD { Fig 5 ) should now be 
calculated from the formula — a)(*— 

the lengths of the sides being known. 


Let d = the length of the closing line BD. 

b « „ of BC. 

c = „ of CD 

01= the angle DBC 
02= „ „ BCD 

05= the angle CDB 
$ = the semi*sura of a, b, and e 
^ = the area of the triangle BCD 
Then «=|(a + 6+ c)=» 15 + 318 0+375 0)=570 OS 

, - a = 570 03 — 447 15 = 122 *03. 

A ^ b » S70 OS — 318 = 252 08 
8 — a = 570 '08 - 375 = 195 08. 

. ^ = V”570 08l< m-d5”>r2W^ X ”197*08" 

or log ^ « 4 >7687 

^ 13 also equal to \ ab sm 0i = ^ be sm 0| = | ca sui da 
or 15 X318 Os«i0|)= ^(318*0X875 Osinda) 

= ^ (875 0 X 447 15 sm 0sl 


. 

447 IS X 318 o' 


S18 O X 875 0 


2A 

376 OX 447 15 


or 01 »= 55* 89' , 02 “ '^9*’ 54' ; 02= 44*26' 


From the known bearmg of BD and the angles 0 i and 0a. 
the beanngs of BC and CD may be found. 

■R B ofBC. =B..B of BD +fli =6“ SO' + 55" 89' 

= 62" 29' N. E. 

= N 62" 29' E. 

R. B of DB = S. 6" 50' W 

Now KB of DC = 02— R.B. of DB. 

= 44"26'— 6"60' = 87"36’ S E 
.*. R. B of CD = 37"36' N. W. = N. 37" 36' W. 
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Example 5 . — The following are the measured lengths and 
bearings of the sides of a closed traverse ABODE (Fig. 6) 
together with the latitudes and departures of the known sides, 
the bearing of AB and the length of CD havmg been omitted : 


No 1 

1 

Line ; 

Length mm 

1 Beanng 

Latitude. 

j Departure. 

1 

AB 

217*5 

t 

T 

' 

2 ' 

BC 

' 318*0 * 

j N 62* 30' E , ' 

•*•146 835 

i +282 072 

3 1 

CD 

7 

1 N Sr 36' w 

t 

t 

4 

DE 

1 283 5 

S 55*18 W 

'■ —161 397 

—233 076 

6 

EA I 

173 15 

S 2‘40'W. 

—172 989 

— 8 056 


Calculate the missing measurements. 




From Fig. 6a, it may be seen that the affected sides (hnes 
1 and 3 ) are not adjommg However, they may be brought 
into the same triangle by shifting the mlervemng known side 
( line 2 ) parallel to itself as ^own m Fig. Cb. The closing Ime 
B'D closes the polygon formed by the known sides (lines 4 6 
and 2). ' 

The algebraic sum of the known latitudes = SL =« —187 *651 
»> •> >» » departures = SD = + 40 -941 
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SURVEYING AND LEVELLING 


Latitude of tbe closing line B D = — LL » +187 551 

Departure of ,» „ »» — — 2D *= — 40 941 

Tbe signs of tbe latitude and departure being plus and 
minus respectively, the closmg line B D lies m the fourth 
(N W ) quadrant 

Now tan 6 = ^ - where ff is the reduced bearing of BT) 

187 551 

or d = 12* 19 . 1 e R B of BT) = N 12‘’19' W. 

Length of B D = 187 551 see li^lO = 191 97 m 

In the ^ DB C let the angles DB C B CD and CDB' be 
denoted by flj, and respectucK 

Now reduced bearing of CD (line 3 ) * N 87* 86' W 
„ „ of DC = S 87* 86 E 

Similarly,, „ of DB' •=S12*19E 

Bence /.CDB B ofDC — R B ofDB 

*> 37*36' — 12*19 » 25*17 

Knowing the lengths of B D and B C { hoe 1 ) and tbe 
angle Ij, the angles and 9} may be found 

Sin 9j =;?-^sin 9s — sm 25*17' or 9i =* 22* S'. 

B C 217 5 

Now /.DB C =»9i=180*— 9, —98 — 180*— 22*9 —25*17 
= 132* 34 

Bearing of B C= 9,— RB ofB D = 132*34'— 12*19' 

= 120* 15 

or R B of B C(lme 1) =S 59*45 E 

Length of CD (line 8) = B’D = 639 9 132*34' 

sin 9, sm 22*9 

=375 0 m 

Example 6 —Below are given the total latitudes and 
departures of two stations A and B, referred to the origin of 
tbe system 
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Station 

Total latitude. 

Total departure. 

A 

-f 668-6 

— 342 -4 

B 

+ 820 2 

+ 602 -3 


A point M IS fixed by measuring a distance of 525 m from A 
on s bearing of N. 20* 12' W., and a line MN 1234 m long is 
set out parallel to AB from M. Calculate the bearing of N from B 
(i) The consecutive co-ordinates of A with respect to B 
mav be obtamed by subtracting the total latitude of B from 
that of A, and the total departure of B from that of A. Thus 
we have 

Totallatof A = -f-66S*6[ Total dep. of A*=— 342-4 
Deduct „ „ of B= 820 -2 iDeduct „ ,, of B=s — 602-3 

Latitude ofBA=— ISl-ej Departure of BA*— 944 7 

(n) If e be the reduced bearing of BA, tan 0 =: T 

0 =» 80* 53' S, W. Hence, R. B. of AB * N. SO* 68' E. 

Since MN is parallel toAB, R. B. of MN 80* 58'E. 

(m) How latitude of AM *ss 625 cos 20*12' * -)- 492 -Tm. 

„ of MN * 1234 cos 80*53'* + 195 -6 ,» 
Departure of AM =« 525 sin 20*12'* — 181 3 ,, 
„ of MN *1234 sm 80*53'* -f 1218-0 „ 

(iv) Hence total latitude of N with respect to B 

= SL * — 151 -6 + 492 -7 -f 195 -5 * + 536 -6 m. 

Total departure of N with respect to B 

* SD * — 944 7— 181 -3 + 1218 * + 92 m. 

(v) R. B. of BN == tan~' — — * 9*44'N.E. i.e. N. 9*44' E 

536 6 

Example 7 : — Pegs were driven in the centre hne of a 
railway on either side of wood To determine the distance 
AB, the following traverse was run from A to B along the side 
of wood : 


Line 

Length 

Beanng 

1 Lme. 

I^ength, 

Beanng 

AC 

250 m 

190*12' 

1 DE 

212 m 

156*48' 

CD 

156 „ 

108*24' 

1 EB 

ICO „ 

76*36'. 
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SUBVEYIXG AND LETEIilNO 


Compute the distance AB. From the traverse station D, a 
line DF is earned into wood on a bearmg of N. GO’SO' E in order 
to locate an intermediate point F on AB Find the length of DF. 
(i) The latitudes and departures of the lines of the traverse are: 


Line. 

Northmg. 

Southing. 

Easting. 

Westing. 

AC 


246 08 


110 *7 

CD 


19*24 

148 04 


DE 


194 88 

83 *48 


EB 

37 08 


155 *64 



37 *08 

490 *10 

387 16 

44 '28 


Total latitude of B with respect to A 

«: £L<= — 41)0 20 + 37*08 « -453*12, 
„ departure of B with respect to A 

B SD«« + 8$7*16 -4i*38 » +842.88 

(u) R. B. of AB = tan- J = 87* 6' S. E. 

' 453*12 

Length of AB = 465*12 sec 87* 6' « 668*4 m. 

(in) Now total latitude of D with respect to A 

= 2L = — 246 08 — 49 *24 = — 295 *32 
Total departure of D with respect to A 

= JTD = — 44 28 +148*04 = +103*76 

R. B. of AD = = 19“ 22’ S.E. 

295*32 

Length of AD =295*32 see 19“ 22’ = 313 *08 m 
(iv) In the triangle ADF, ZFAD= R.B. of AB - R, B. of AD 
= 37“ 6' — 19“ 22' = 17“ 44'. 
/.DFA = 180“ — (sum of reduced bearings of FA and FD) 
= 180*— (37” 6' + 60“ 20' ) » g2” 34' 

By the Sine rule, length of DF = FAD ^ 782 7 sin 17“ 4 

sinDFA sm 82“ 34' 

»= 96*16 in 
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Example 8 — From the following traverse, calculate the 
length of CD so that A, D, an3 E are in one straight bne 


Lme 

Length 

Bearing 

Lme 

Length 

Bearing 

AB 

320 m 

N 80®30B 

CD 

— 

N 12® 0 W 

BC 

500 „ 

N 30° 15 E 

DE 

610 m 

N 16® 45 E 


(il Latitude of AB *= 320 cos 52 81 m 

„ of BC = 500 cos 30‘’1S' = 4-432 0 m 

Departure of AB = 320 sin «= 4- 351 6 m 

,, of BC s= 500 sm = 4- 251 9 m 

Total latitude of C with respect to A 

*= 2L= 4-52 SI 4-432 0 = 4-484 81 nv 
Total departure of C with respect to A 

SD*>4-315 6 4- 251 9 = 4.58r»5 m 
(11) If « be the reduced beanng of AC 

567 5 „ . 

tan 9 s0 e B 49^ 30 

4$t 81 

Hence, R B of AC *» N 49®30 E and length of AC 
sa 567 5 cosec 49® 30 = 746 4 m 

(ui) Smce A, D, and E lie in one straight Ime, the bearing 
of AD IS the same as that of DE 1 e equal to N 16® 45 E 

Now m the triangle DAC, ^DAC= R B of AC — R B of AD 
49‘’S0 — 16®45' = 32® 45' 
/.ADC=R B ofDC4-R R of DA = 12® 0 4- 16®45' = 28® 45' 


By the application of the Sine rule we get 


Length of CD «= 


AC sm DAC 74G 4 sin 82®45 


Partit-on of Land — Several problems are involved m the 
division of a given tract mto two or more parts Thev maj 
be solved by the application of methods of determining 
omitted measurements However, few common cases will now 
be considered 
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SUE'TEYINO AND LEVELLINO 


(1) To Cut off a Required Area by a Line through a 
<5iTen Point • — In Fig 7, ABCDEF represents a polygon, the 


£ Af m 



lengths and bearings of whose sides are known; MBCDN the 
required area cut off from the polygon by a line MN through 
a given point M on the side AB. It is required to determine 
the correct position of the dividing (or cut off) line MN It is 
here presumed that the corrected latitudes and departures of 
the sides of the polygon are given If the field measurements 
are given, the pohgon may be balanced. It is assumed that the 
figure IS drawn roughly to scale The procedure is as follows — 


(i) Calculate the area of the polygon ABCDEF by the 
D M D method or by the method of independent co-ordinates. 

Jo*'! M to the nearest comer E of the polygon 
^cidate the latitude, departure, length, and bearing of EM of 
the closed traverse MBCDE as explained in case 1 on page 4 

of the closed traverse MBCDE bv 
difference between this are'a 


(sf? laairtli of EM, the angle 


Area of AMNE = }EN XEM X sin 8 EN= ^ X °o«a of AMNE 

EAI sm $ 
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(v) Knowing the lengths of EN and E5I, and the angle 
NEil, find the angle EMN ( •< ) and length of 51N from the 
relations 

. _ , EN Sind 

o< = tan * — 

( EM — EN cos $ ) 

, EN Sind EM sm 6 

sm o< sm (d + «< ) 

EN EM 

since — — = ? - . 

sm «< sm [^r— (d+ < )] 

(i\ ) Calculate the bearing of MN from the known bearing 
of EM and the angle EMN ( «<) 

(vii) Check the computations by computing the area of 
ASINEF, which sliould equal the difference between the area of 
ABCDEF and the required area 

The line MN is established in the field by measuring ita 
length m the required direction Both field work and computa* 
tions are checked, if the pomt N thus established falls on the 
line DE, and if the measured distance EN or DN is equal to 
calculated distance 

(2) To Cut of a Required Area by a Line Runmng m a 
Given Direction —In Fig 8, ABCDEF represents a polygon, the 



Fig 8 

lengths and beatings of the sides of which are known It is to 
be divided into two parts, each of the required area, by a line 
MN running m a given direction It is required to determine the 
exact position of MN It is assumed that the figure is drawn 
roughly to scale 
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Procedure — (i) Praw a line FG in the given direction 
( parallel to AIN ) through the comer F nearest the dividing 
line ill^ 

(ii) Calculate the area of the polygon ABCDEF by the 
D M D method or by the method of independent co ordinates 

(ill) From the knoivn lengths and bearmgs of FA and AB, 
and the known bearings of BG and GF of the closed traverse 
FABG, compute the lengths of BG and GF as explained in case 
8 on page 6 

(iv) Find the area of FABG by the D M D method This 
area will be less than the required area MFABN as shown m the 
figure, the difference between the two areas being represented 
by the trapezoid FGNAI The area of FGNM must, therefore, 
be added to the calculated area of FABG 

(v) The bearings of EF, FG, BC, and MN being known, 
calculate the angles EFG ( «<) and BNM (P) 

(vi) Compute the area of the trapezoid FGNJI 

Area of FGNM = J x (FG + MN) where x is the perpendi* 
culas distance between FG and MN 


Now MN «= FG — X cot «< + ar cot ^ 

Area of FGNM » {2 FG — * (cot < — cot fi) } 

or =FGxx— ^ — (cot •< — cot^) 

2 


The solution of this equation gives the value of x 

(vii) Detenmne the lengths FM and GN from the relations 
FM = X cosec K and GN == x cosec P 

(viii) Check the computations by finding the area of 
ABNAIF, which should agree with its required area 

The points JI and N are located m the field on the hnes 
EF and BC by measuring their calculated distances FM and 
CN respectively, and the line BIN is then measured A complete 
check IS obtained both on fieJd work and computations li the 
measured length of MN agrees with its calculated length 

If it IS required to cut off a given area from an irregular tract 
by a bne running m a given directioD, the procedure is the same 
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as explained m the preceding caseratcept that the area of the part 
cut off by the trial line is found by a planimeter, and that the 
strip between the trial line and the true dividing hne representing 
the excess or deficiency of area may be considered as a trape- 
zoid, the irregular sides of the stnp being assumed to be 
straight ones. 


(3) Given an area ABODE. Required to divide it into 
two parts by a line MN perpendicular to AB and so located 
that the part AMNE shall contain a specified area (Fig.9) 
To solve the problem, the unknown distance FM must be 
determined. DiawEFand EE parallel to 
NM and AB respectively. Let the angles 
EAF and NEK be denoted by «< and iS, the 
distance FM by ar, and the area specified for 
Pjg ^ AMNE by ^ Then 

AF A£ cos «< ; EF s A£ sm «< ; 

AJI => AF + FJI AE cos «< + 

Area of EFMN = area of AMNE — ares of EAF 
or =A — iAFxEFs=A“-i AE* cos •< sm < 

Now area of EFMN =a area of EFMK + ares of EKN 
* «= EF X a: + i EK X NK = AE sm x Xi + ^ x* tan P . 
Let the area of EFMN be denoted by Ai* Then 

2 Ai =* 2 AE sm < X « + x* tan P 
/ 2AE sm «< \ ^ _ 2 Ai _ ^ 

\ tan p ) 


+ 


tan P 


= 0 


The solution of this equation gives the required value of x. 
The problem may also be solved by the apphcation of the 
method of determining omitted measurements. 


(4) To divide a trapezoid into two 
parts whose areas shall be in a given 
ratio, by a Une parallel to the bases 
(Fig. JO). 

In Fig. 10, ABCU is the trapezoid, which 
is to be divided mto two parts, and EF the 
dividing hne parallel to the bases AB and DC 
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Let A =* trapezoid ABCD. 

Ai = the area of the part EFCD. 

Aj == the area of the part ABFE. 
m ; n = the given ratio of the areas of the two parts. 
b =s the length of AB 
a = the length of DC. 

X the length of EF. 
h the altitude of the trapezoid ABCD. 

Aj != the altitude of the part EFCD. 

Aj =s the altitude of the part ABFE 
c< = the angle ADC. 

^ =* the angle BCD, 

Then 4‘~ — ' A= A, + A, A, = — ^ A ; 

At « m + f* 

At “■ ' ■ A » A Aj + Aj ; DE = a — A ; EG » a? — A. 
m + n 

From similar triangles ADK and AEG, — L 

A* X — b 




and Aj s A — A) as A 




Also, (a— 6)=A(cot<< +cot^) 

or ft= 

( cot < + cotp ) 

Now area of the trapezoid ABCD = A= i(o+6)A 

\COt o< -f- cot fi/ 

.. „ EPCa)^A,= 


V cot .r + cotp J 
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But Al = t 

m -‘-n 

Substituting the values of A An g®t 

a’ — a’ __ 1 =3 

~+n ■ 


i ( > = *" X 1 ( 

\ cot < + cotfl ) m + » \ cot t< cot^ / 


or o* — = (o* — 6*) 

m + n 


Whence, ® =s 


/mi* + f) 


V m +n 

The triangles AEG and ADK being similar, 


AE 
AD ’ 


DE 


X —b 

a — b 


Also DE = AD - AE = AD - AD = — 5^ AD 


PROBLEMS 


1 Distinguish between tisTcrsiDg and tnaognlalioD and state under what 
cixQimigtaaoes ^ou would adopt each 

The following tiaTene is earned round an obstnotion id b line AE 


Line Length id m Bearing 

AB 435 38* 24 

BG 620 84S* O' 

CD 60» SOO* 24 

DE 430 30*48 


It IS required to peg a point F midway between A and E Compute the 
’ength and bearing of CT 

( Ans 243 4ia 250*2') 


2 The notes taken in the field of part oFa traverse are recorded as under 
Line Length ja m Bearing 

AB 40u N 12* 24 E 

BC 376 N 16*36 W 

C® 530 N 20* 12* W 
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There la a point P wluch IS inaecesatUe It^ljeatingfrom AisN 46*48 W, 
andfromD the beanog of P la S 40*18 W Calculate the distance of P from A 
and D 

(Am pa b 963 8 m PD = 781 2m ) 

3 Diaouaa the relatire ments of the different methods of troTerse snrrey 
with a theodolite What checks can be ap^ied to a closed traTerse T What do 
you understand by the closing error J Exphun how it i* adjusted 

4 The following lengths and bearings were recorded m rnnnmg a theodo- 
ite traTerse ABCD There are obstacles which prerent direct measurement of 
the bearing and length of the I ne AD 

Line Length in m Beanng 

AB 485 341* 48 

BG 1725 16* 24 

CD 1050 142* 6 

Calculate the length and bear ng of AD 

( ADS 1618 m 37* IS ) 

6 Giren the following iatituaes and departures of a traTerse ABCDE, 
the bearmgs of AB and £A haring been omitted 

Line Latitude Departure Length in ft 

AB t t {19"0) 

BC +841 11 +336 71 

CD +877 18 -311 74 

DE -700 60 -728 88 

EA t t (1181) 

Determine the beanng of AB and EA 

( Ans 110*49 254*24 } 

® Tbe following lengths and bearings were recorded m running a theodo- 
1 te traxerse in the counletclockwisc direct on the lengths of CD and DE 
baTisg been omitted 


Dine Length in m 

AB 930 

BC 67-, 

CD , 

DE T 

BA 706 


Beanng 

0 * 0 ' 

V 23* 12 W 
S 75* 6 W 
S 66*24 E 

V 35*36 E 


Galoalate the lengths of CD and DE 

(Ans.2491 m 2748 m) 

7 For the foUowing traverse eompute the length of CD so that A 
and E may be id one straight bne. 


AB 

EC 

CD 

DE 



Beanng in degrees. 
So 
32 
3S0 
18 


( Ans. 927 4 m-) 
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8 The following lengths and beanngs were recorded in ranmng a theodolite 
traverse in the counterolockwire direction, the length of CD and bearing of DE 
having been omitted « 


Line. Lengthinm W, C E. 

AB 1970 no- 49' 

BG 906 21* 49' 

CD ♦ 340* 2G 

DS 1011 1 

EA 1181 254*24' 


Determine the length of CD and the bearing of DE, (U. B). 

{Ana 930 9 ia„ 228* 9‘). 

9. A and B are two stations whose eo.ordinates are as given below . 

Station. North Co ordinate. East Co ordinate. 

A 1038-9 585-1 

B 1426-5 992-7 

From A is mn a line AC« 154 4 m. in length, on a beanng of 132° IS', 
and ftom 0 is ran a Une CD, of length 544 0 m. parallel to AB, Find the 
length and bear.ng of BD 

(Ans. 371-76m , 72* 12'.) 

10 In order to determine the distance of no inaccessible point P from station 
A, a straight line BAG u run, AB and AC being 260 n and 200 m respectively 
The angles PBA and PCA were found to be 74* SO* and 62* 15' respectively 
Determine the distance AP. 

( Ans. 581 6 m.) 

( Stnl Calculate BP from the triangle BPC. Assnming AB as the 
meridian, £od the total latitude and departure of P with respect to A, and 
then calculate AP ). 

11. The following traverse is run round a lake : 

Line. Lengthinm Beanng. I lane. Lengthinm. Bearing 
AB 375 220* 26' | DB 192 16* 36' 

BC 258 285* O' I EF 180,6 47* 28' 

CD 216 225*43' I FG 274,2 78* 9' 

A line EL is to be set out parallel to AG. 45 m apart, E and L being 

the points on the lines AB and FG respectively. Calenlate the distances AE 
and GL. (Ans. 46,41m ; 49-03m. ). 


4. 4. 4. 



CHAPTER 11 


ADJUSTMENT OF THE 
TRANSIT THEODOLITE 


There are two kinds of adjustments of a surveying instni 
ment viz (1) Temporary and (2) Permanent The temporary 
adjustments are those which are made at every set up of the 
instrument prior to taking observations while the permanent 
adjustments are those which establish the fixed relationships 
between the fundamental lines of the instrument. ^Vhen once 
made, they remain permanent for long periods 


Temporary Adjustments of Theodolite 


The temporary adjustments of the theodolite are three, mz 
( 1) Setting up the instrument, (2) Levelling up, and (3) Focus* 
sing the eyepiece and object glass (Ebznmation of parallax) 

(1) Setting up the Theodolite —This includes two opera- 
tions VIZ (a) centering the instrument over the station mark 
such as a tack in a station peg and (b) approximatelj levellmg 
it by the tnpod legs only 


Centering the Instrument —For centering the instru- 
ment a plumb bob is suspended from the hook and chain beneath 
the instrument (i) Set up the instrument on firm ground m such 
a position that the plumb bob is approxunately o\ er the station 
point (ii) Move the legs radially and sidewajs so that the 
plumb bob IS exactly over the tack and at the same time the 
tribrach sprang is approximately honzontal It may be noted 
that movmg the leg radially shifts the plumb bob in the direction 
of the leg .^thout senously affectmg the plate levels while 
moving the leg circumferentially or sidewavs tdts the instru- 
senously disturbing the plumb bob 
Lentenng can be done more conveniently and rapidly by means 

of a centenng device (e g centenng plates) 
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(2) Levelling the Instrument — ^The instrument is levelled 
by means of the levelling ( or foot ) screws with reference to the 
plate bubbles To do this (i) turn the upper plate until one 
of the bubble tubes is parallel to the line joining any pair of 
levellmg screws The other bubble tube will then be parallel 
to the line jommg the third levelling screw and the mid point 
of the Ime jommg the first pair (u) Brmg the bubble to 
the centre of its run by turning both screws simultaneously 
and evenly ( remembering the rule right in and left out ’) 
Similarly, brmg the other bubble to its mid position by turning 
the third levelling screw (iv) Repeat the process until finally 
both bubbles are exactly centred Now rotate the instrument 
about its vertical axis Each bubble will now traverse provided 
the plate levels are in correct adjustment The s eitical axis will 
then be truly vertical 

Note —In the case of a four screw levelling bead, one of 
the bubble tubes should be placed parallel to a pair of diagonally 
opposite screws The other tube will then be parallel to the 
other pair 

(3) Focussing the Eyepiece and Object Glass — The 
object of this adjustment is to make the foci of the eyepiece 
and object glass coincide with the plane of cross hairs i e to 
ehmmate parallax It is made m two steps 

(a) Focussing the Eyepiece — ^The object of focussing the 
eyepiece is to make the cross hairs distinct and clear To do 
this, point the telescope towards the sky or hold a sheet of w hite 
paper in front of the object glass and move the eyepiece mand 
out until the cross hairs are seen quite distinctly and clearly 

(b) Focussing the Object Glass — The object of focussing 

the object glass is to brmg the image of the object formed by the 
object glass m the plaue of the cross hairs Otherwise there 
Wk'i TnrntmerA. id tiit image xtiative'iy to the 

cross hairs when the obsen er moves his eye the apparent move 
ment being called paTalJoj To elimmate it direct the telescope 
towards the object and turn the focussing screw until the image 
appears clear and sharp ( i e m sharp focus ) It must be 
noted that the correct position of the eyepiece depends only 
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upon the eyesight of the observer It is, however, necessary to 
use the focussing screw whenever the distance of the object from 
the instrument is changed 

permanent Adjustments of Theodolite 

The fundamental lines of the theodolite are 

(1) The vertical axis 

(2) The axes of the plate levels 

(3) The line of coUimation ( or the line of sight ) 

(4) The horizontal axis ( also called the transverse or 
runnion axis ) 

(5) The bubble line of the altitude ( or azimuthal ) level 

Conditions of Adjustment — When the instrument is m 
perfect adjustment, the foUowing relations should exist. 

(1) The axes of the plate levels must be perpendicular to 
the vertical axis 

(2) The line of colhmation must be at right angles to the 
horizontal 

(3) The horizontal axis must be perpendicular to the 
vertical axis 

(4) The bubble line or the axis of the telescope levelmust 
be parallel to the line of colhmation 

(5) If the instrument has a fixed vernier for the vertical 
circle the vernier must read zero when the mstrument is 
levelled ( i e when the plate levels and the telescope level are 
centred ) 

(6) If the mstrument is provided with a striding level, 
the axis of the striding level must be parallel to the horizontal 
axis 

The permanent adjustments of the theodolite consist of 
the following 

(1) Adjustment of the plate levels, (2) Adjustment of 
the line of colhmation ( or colhmation adjustment ), (3) Adjust- 
ment of the horizontal axis, (4) Adjustment of the level tube 
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on the telescope, (5) Adjustment of the vertical index frame 
Since certain adjustments wdl upset others the adjustments 
must be made m the order m which they are stated 

For making the adjustments, the mstiument should be set 
up at a fairly level p ace where sights of about 100 m can be 
taken m either direction in the same straight line 

Prehmmary Adjustment — To make ike diaphragm truly 
erect The object of this adjustment is to ensure that the 
horizontal and vertical hairs are truly horizontal and vertical 
This adjustment is not necessary m die case of a modern 
telescone It is made as follows — 


{\) Having levelled the instrument carefully, sight a distant 
well defined point such as the top of a spire, and with both 
motions clamped, rotate the telescope m azimuth by means of one 
of the tangent screws If the horizontal cross hair remains in 
contact with the point, the adjustment is correct Alternatively, 
move the telescope through a small vertical angle If the point 
travels continuously on the vertical hair the adjustment is correct* 
If not, loosen the diaphragm screws and rotate tlie diaphragm 
ring Bepeat the test and adjustment until perfect Then 
carefully tighten the screws 

hirst Adjustment — To male thr cutes of the plate levei 
perpendicular to the lerhcal axis ( Figs 11a 11b and 11c ) 




a be 

Fg II 

Necessity — If this conditton exists the vertical axis will 
be truly vertical and the horizontal circle and the trunnion 
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<orhomonlal) axis isiH both ba truly horizontal when each 
plate bubble is m the centre of its run The trunnion an! 
IS required to be horizontal m all work insolvmg icrhcal 
movement of the telescope 

instrument on firm ground Clamp 
the lower motion ( or lower plate ) and turn the upper plate 
until the longer plate bubble is parallel to any pair of leTelling 
screws Bring each plate bubble to the centre of Its run hv 
means of levelhng screws ( Tempomry adjustment ) 

“bout the vertical axis throngli 
The plate bubble is again parallel to the pair of levelline 
screws, but res ersed in direction If the bubbles remain central 

I.!sTd°,i.“ “ P'n>™*cul«r to the vertical 

axis and the vertical axis is truly vertical. 

1 sav^n^T*'^*”* ****** **** t^s^mtion of the bubble 

y. n divisions ) Bring each bubble half way back ( through 


j divisions ) bj means of the two capstan headed screws at the 

m^nl If '*'*'■'*'* •* ’'’* "'**** of f"” by 

means of the respective levelhng screws 

durmcTtV?' ‘“‘i"*^ adjustment until both bubbles tmvetse 
during a whole revolution of the instrument 

■S usld'm°mar bf"bod —In this method the altitude bubble 
since It is mi adjustment to ensure greater accuracy, 

since It IS much more seiwiiive than the plate bubbles 
Procedure — 

men! untd r/ n' 1**'*“*' '‘"'o Revolve the mstru 

S„pe“ (fi-od on the T frame or on ,h. 

(b 1 T! ' be hue joimng any pair of levelhng screws 

these screws”" Tiiln*’thl’'t l” ”1!’™ **' **'’ ***** b^ ‘“''“S 

bubble to the ce”° of V. T ' “'"’'Sb *>»• “-d bring the 
screw Repeat until the blhbl'’^ ‘**° “**"* le''el>>»S 

positions “'•bb'e remains central m these two 


bubble does not ”rpm”^”****** through 180“ in azimuth If the 
divisions ) of the bubb^e'^ central note the deviation ( say, » 
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Adjustment — (d) Correct one half of the deviation 


^-^divisions^ by 


means of the clip screws or the vertical circle 


tangent screw, and the rematmng half by means of the same pair 
of levelling screws 

(e) Turn the telescope through 90“ until the bubble is 
over the third levellmg screw and brmg it to the centre of its 
run by turning the third levellmg screw only The bubble 
should now remain central when the telescope is turned through 
a complete revolution m azimuth If not, repeat the process 
until perfect 

^f) The vertical axis is now truly vertical Bring each 
plate bubble to the centre of its run by means of the capstan 
beaded screws at the end of the tube 


When this adjustment is made, all the bubbles will traverse 
during a complete revolution of the instrument and the vertical 
axis will be truly vertical 

It should here be noted that when the bubble is reversed 
end for end, the deviation of the bubble called the apparent 
error is twice the actual error m the axis of the level and, therefore, 
the correction is only half the amount of the apparent error 
After the adjustment is completed, clamp the upper motion 
( or vernier plate) and loosen the lower motion ( or lower plate). 
On repeating the test if it is found that the bubbles do not traverse 
on reversal, the outer axis is not vertical and is not, therefore, 
parallel to the inner axes The instrument then needs repairs 
if the error is large It may be noted that if the axes are not 
parallel, no error will be caused in the measurement of horizontal 
angles provided the angles are not measured by repetition, and the 
plate bubbles are adjusted perpendicular to the mner axis. 

Second Adjustment — To make the line of colltmaiton 
coincide with the optical axis of the telescope ( To place the intersec- 
tion of the cross hairs m the optical axis of the telescope ) If 
there are two inclined hairs instead of a single vertical hair, 
their intersection is adjusted as for a vertical hair This adjust- 
ment is made in two steps, viz (1) adjustment of the horizontal 
hair, and (2) adjustment of the Acrtical hair 


s. L n-2 
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Adjustment of the Honzontal Hair — (Fi^ 12) To make 
the line of colliraation in so far as defined by the horizontal hair 
coincide with the optical axis 
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Necessity — The object of this adjustment is to place 
the horizontal hair into the plane of motion of the optical 
centre of the object glass (i e to bnng the horizontal hair 
into the honzontal plane through the optical axis ), the 
movement of the object glass being assumed along the 
optical axis If the horizontal hair is not in the optical 
axis the direction of the Ime of sight will change shghtly when the 
objective is moved in and out for focussing This adjustment 
18 necessary only when the instrument is used for measuring 
vertical angles or when it ts used for levelhng operations It 
18 immaterial in measuiemenU of horizontal angles 

Test — (\) Drive two pegs at O and B at a distance of abou* 
100 m apart Fix a third peg at A in line with O and B and at 
a distance of about 10 m from O Set up the theodohte at O 
and level it accurately 

(ii) With the telescope direct, take readings on the staff 
held on A and B Let the readings be Ad and Ba 

(ui) Transit the telescope and swing it through 180 “ Set 
the hue of sight to the former staff reading Ad on the near peg A 

(iv) Again read the staff held on B If this staff reading 
IS the same as the former staff reading (Ba) on B, the adjustment 
is correct 

Adjustment — ^11 not, "fet ihc staff reading be BZ> Find 
the mean of the two sUff readings Ba and B6 and call it Be 
Bring the horizontal hair to the mean reading Be by means of 
the vertical diaphragm sows Repeat till perfect 
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Alternative Method :— ( Fig. 13 ). In this method the 
vertical angle is noted when a staff readmg is taken on the distant 
peg instead of taking a reading on the near peg. 

(i) Set up the theo- 
dolite at a convenient 
point and level it 
accurately. 

(u) With the tele- 
scope direct, take a 
reading on the staff 
Fig 13 held on the peg B 

driven at about 100 m from the instrument station (0), and 
note the vertical angle ( ). Let the staff reading be Ba. 

(m) Plunge ( or transit ) the telescope and turn through 
180 *' in azimuth. Set the vertical vernier to the former angle 
( e<) and again take a staff reading on B. If the staff reading 
agrees with the previous readmg Ba, no adjustment is necessary. 

Adjustraeat ; — (iv) If not, let the second staff reading be 
Bfc. Hove the horizontal hair by means of the vertical diaphragm 
screws until the mean (Be) of the two readings Ba and hb is 
obtamed. 

Adjustment of the Vertical Hair . (Fig. 14) To make the 
line of colhmatton perpendicular to the horvsontal axis. 
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Necessity — If this condition obtains the line of 
coUimation will generate a plane when the telescope is transit* 
ted But if not it will generate a cone, the axis of which 
IS the homontal axis The adjustment is necessary when 
a line is to be prolonged either by tpsnsitting or changing 
the inclination of the telescope, or when a horizontal angle 
between two points at different elevations is to be measured 

1 est — (i) Set up the instniiaent at a convenient point O on 
a fairly level ground and level it carefully Fix a peg or an arrow 
at a point A at a distance of about 100 m from the instrument 
station O With both horizontal motions clamped, bisect A. 

(ii) Now plunge the telescope and mark a point P m the line 
of sight at about 100 m from O and at about the same level as A 
(m) Unclamp the upper motion ( vernier plate }, swing 
through 180^ and again bisect A ( with the telescope reversed } 
Clamp the upper motion 

(iv) Transit the telescope If the point P is again bisected 
by the cross hairs the adjustment is correct 

Adjustment — If P is not now on the line of sight, mark 
a point Q in the line of sight opposite P 

Mark a point D at one-fourth of the distance from Q to P 
( QD = i QP ) Move the diaphragm by means of the horizontal 
diaphragm screws until the vertical hair is on the point D 
Repeat the process until the adjustment is perfect. 

It will here be noticed that the apparent error PQ is four 
times the real error QD, since the telescope is Iransitted twice 

The points A and P are taken at the same level in order 
to avoid the error due to the horizontal axis not being per- 
pendicular to the vertical axis The distances OA and OP are 
equalised so that focussing need not be done when a foresight 
IS taken A board or a levelling ^taff placed horizontally may 
be used for marking the pomts P and Q 
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Note — ( 1 ) If the line of coUimation is perpendicular to 
the horizontal axis (i e ^A03 is exactly 90", on taking a back- 
sight on A and transitting the telescope, the line of collimation 
will generate a plane and strike a point A' which is in the pro- 
longation of AO But if it IS out of adjustment by an amount 
< , the angle AOl is 90® — •< When the telescope is tran- 
sitted, the line of collimation will generate the surface of a cone 
and strike a point P instead of A' It is evident from the 
figure that ZlOP is 90®— «< and consequently, ^POA'= 2 << 
On agam backsighting on A with the telescope reversed, and 
plunging the telescope, the bne of colhmation will strike a point 
Q» /.QOA.' being 2 •< Thus the apparent error { Z.POQ ) 
4 «< As two reversals of the telescope are involved in 
the test, the real error is k , and, therefore, a point D is marked 
at one fourth the distance QP 

( u ) In order to move the diaphragm ( cross hair ring), 
one screw should be loosened and the opposite screw tightened. 
The cross hair nng moves towards the tightened screw By 
loosening the upper screw and tightening the lower screw, the 
cross-hair rmg is drawn downward end vice versa Similarly, 
if the screw on the right hand side of the telescope is loosened 
and the opposite screw tightened, the cross hair nng is drawn 
to the left and vice versa 





a Cj First position of Horizontal Axis 
b Second ,, „ „ 

c Cl Correct „ „ „ 

Third Adjustment — To make the hortzonial axts perpen- 
dicular to the vertical axis { Fig 16 ) 
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Necessity — B3 meaos of the adjustment of the Tertical 
hair, we ensure that the hne of sight will revohre in a plane 
petpendiculac to the horizontal axis The object of this 
adjustment is to make this plane veriteal when the instrument 
13 levelled ( 1 e the vertical axis has been made truly vertical) 
B> means of the second and thud adjustments, we ensure 
that the line of sight will revolve in a vertical plane The 
adjustment becomes essential in all work necessitating 
motions of the telescope in altitude 

Test — ( 1 ) Set up the theodohte at about 10 m from a 
high budding or other object on which there is a well-defined 
pomt at a considerable altitude such as a flag pole, lightning 
conductor and level it very carefully Let S be such a point. 

(u) Sight the point S, and with both horizontal motions 
clamped depress the telescope and mark a point A on the wall 
near its base in the hne of sight 

(ill ) Unclamp, plunge the telescope and swing it through 
180* With the telescope, inverted, again sight on the point S 
Depress the telescope If the hue of sight now strikes the point 
A previously marked the adjustment is correct 

Adjustment — If not, mark another pomt B in the 
Ime of sight on the wall at the same level as A. Mark a point 
C midway between A and B Sight on the point C and clamp 
the upper motion Baise the telescope Tho line of sight will 
not now strike the pomt S Raise or lower adjustable end 
of the trumuon ( horizontal ) ax»s by means of the screws near 
the top of the standard or A &ame until the hne of sight pass^ 
through the pomt S Repeat the test and correction until 
perfect 

Instead of marking the points on wall an ordinary levelling 
staff may be placed horizontally near the base of the wall and 
the readings on the scale noted each tune when the telescope 
IS depressed 

It may be noted that the high end of the horizontal axis 
and the pomt set are alwaijs on the same side of the vertical 
plane passing through the high object. 

This method is known as the Spire Ttst 
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Alternative Method — ^The adjustment mav be made with 
the help of a stndrag level m the following manner — 

The striding level should be tested to ascertain if it is in 
adjustment 

Test — ( X ) Set up the instrument and level it carefully 

( u ) Remove the caps which cover the ends of the trunnion 

axis 

( ui ) Place the striding level on the ends of the trimmon 
( horizontal ) axis and faring the bubble exactly to the centre 
of Its run by the levelling screws 

( IV ) Reverse the striding level end for end, leaving the 
instrument undisturbed If the bubble traverses the level is 
*m adjustment 

Adjustment — If not, note the deviation of the bubble 
Bring the bubble half way back ( half its deviation ) by means of 
the capstan beaded screws on one of the legs of the striding level 
and the remaining half by the levelling screws Repeat the 
process until the swljustment is perfect 

Test for the Third Adjustment — (i) Having adjusted the 
stndmg level place it in position 

( 11 ) Centre the bubble of the stndmg level exactly 
by means of the levelling screws Gently lift the striding 
level and reverse the bearing tninmons by turning the head 
of the mstnmient through 180 ® in azimuth Replace ihe striding 
level, the legs now resting on different pivots to those upon 
which they rested before If the bubble remains central, the 
adjustment is correct 

Adjustment — If not, note the deviation of the bubble 
Correct half the deviation by means of the capstan headed screws 
near the top of the standard, which raise or lower one end of 
the horizontal axis and the other half by means of the levellm'» 
screws Repeat the operation until the test is satisfied 

In some instruments no means are provided for making 
this adjustment The condition is permanently established 
by the maker 
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Fourth Adjustment • — To make the axi» of the telescope 
level parallel to the line of collimatton (Figs. 16 and 17) 

NecessJtj — With this adjustment, the lines of collimation 
becomes horizontal ■when the 
telescope bubble is brought 
m Uie centre The adjustment 
IS a necessity ■when the theo 
dohte is to be used as a levd 
Fig. 16 or when vertical angles are to 

be measured 
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Test — The procedure of testing is the same as m the 
** two peg’* adjustment of the dumpy level 

( I ) Drive two pegs A and B on a fairly lewel ground 
say, 100 m apart Set up the mstnunent at O exactly midway 
between A and B Clamp the vertical circle and bring the tele- 
scope bubble exactly to the centre of its run by means of the 
tangent screw of the vertical circle 

( II ) With the hobble exactly central, take readings on the 
staff held on A and B, and find the difference between these 
readings, which gives the true difference of level between 
A and B 

( m ) Shift the utstcament and set it up at Ox on the Une 
BA produced, at about 10 m from A. Level it accurately. 

( IV ) With the bubble exactly central, read the staff first 
on A and then on B and find the difference between the two 
readings. If this difference agrees with the first ( true ) differ- 
ence, the adjustment is correct. 
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Adjustment — ( v ) If not, calculate the correct staff readings 
on A and B Bnng the horizontal hair exactly to the correct 
reading on B by means of the tangent screw of the vertical circle. 
Brmg the bubble exactly to the centre of its run by means of the 
level tube nuts ( capstan headed screws attaching the level tube 
to the telescope ) 

( VI ) Sight the staff on the near peg and note whether the 
calculated correct reading is obtained Repeat the process 
until the test is satisfied 

Altemaiiie ftro peg method — Many surveyors prefer this 
method The procedure ts exactly similar to that in the above 
method except for the following — 

( 1 ) The vertical vernier is set at zero and the telescope 
bubble IS brought to the centre of its run by means of clip screws 
pnor to taking staff readings on A and B ( S ) The horizon 
tal haip IS brought exactly to the calculated reading on the far 
peg B by means of the clip screws Since the vernier has been 
clamped at zero, there will be no index error 

Fifth Adjustment — To make the vertical arcle or arc read 
zero tchen the line of colltmoiton ts honzonlol ( when the telescope 
bubble la centred ) 

Necessity ■ — The adjustment is carried out for convenience 
only. If the index error i e the reading on the vertical circle 
when the telescope bubble is in the centre is noted down 
and corresponding correction applied to the obsened reading 
no error will be introduced But as there is likely to be some 
confusion between -4- and — signs of the correction it is 
desirable that the index error is remoied wherever possible 
The index error is eliminated when the vertical angle between 
two objects IS determined as a difference between two readings 

Test — (i) Having centred the plate bubbles bring the 
telescope bubble exactly to the centre of its run by means of 
tbe vertical tangent screw as m first adjustment, and read the 
\emier of the vertical arde 

Adjustment — (u) If the vernier does not read zero, loosen it 
and move it until it reads zero by means of tbe screws which hold 
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It to the standard If the lemiei is not adjustable, nolethe 
angular error and its sign This angular error is called the 
tndtx mor and is applied as a correction to the observed 
ralues of vertical angles 

In a transit theodolite, the vernier can be clamped at zero, 
and the telescope is then brought into a horizontal position hy 
means of the ehpping screws There should, therefore, be no 
index error in the case of a transit instrument 

In the case of a theodolite having an altitude level attached 
to the vernier am ( uidei am ) the fourth and fifth adjustments 
can be rombined into one adjustment so that the line of collltna- 
tion IS horizontal when the altitude bubble is centred and the 
reading of the vertical circle Is zero 

the “"a ‘7° (>) one in which 

saL of tb ,T“ 

m^hii^h th 1 ' 0°'^ “ '■‘P (2) <>*''« 

Srslero ' “"“P'- “”3 the vertical circle and the 

•we of instrument is usually 

s^w is“trd'"',? whentrS 

tL vrmcd ' f ' "P”*" ""'tanged, since it lOtate, 

the latte tm ' “tb'’ together, while m the case of 

^vereai-ri^™^^^^^ 

Procedure for test ^ 4.1, 

carefuUy with reference tTth. ^ T “"‘rument and level il 
tude ( azimuthal 1 buhhl ® ^ ^ 

centre ofTu r^^bvt 
vemer exactly to read “So tv' “e'" 

motion screw of the v.arh ^ 

vemcal circle 

and agau. clamj thrvemet'ei!^'' ''“"2’' “t’ ' 

ment if necessary ®ctty at zero Level the instru 
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{ V ) Again sight the staff held on the same point and note 
the reading If this reading is the same as the first reading the 
adjustment is correct 

(vi) Adjustment — (First type of tie instrument) If not 

the mean of the tTvo readings and b> turning the clip screw 
bnng the horizontal hair exactly on to the mean reading thus 
setting the line of collimation truly horizontal Then bring the 
altitude bubble to the middle of it« run bv means of the level 
tube outs ( 1 e capstan screws fixing it to the mdex arm ) 

Bepeat the test and adjustment until the adjustment is 
perfect 

Adjustment — (Second type of the instrument) Bnng 
the horizontal hair on to the mean readmg by turning the ver 
tical circle tangent screw Set the vernier index to zero by 
turmog the cbp screw 

Then bnng the bubble of the altitude level to the centre 
of its run by means of the capstan screws attaching it to the 
vermer arm Bepeat the test and adjustment until all error is 
eliminated 

In the case of an instrument fitted with two levels one on 
the index arm and the other on the telescope the adjustment 
should be made bj reference to one of the bubbles Havmg 
adjusted that bubble the bubble of the other level tube is centred 
by means of the level tube nuts 

Relative Importance of the Adjustments — The first ad 
justment is important in the measurement of honzonlal and 
teriicdl angles The vertical axis must be truly vertical It 
may be remembered that the error due to the vertical axis not 
being truly vertical cannot be elimmated by taking face left and 
face right observations The adjustment should therefore be 
tested frequently Adjustment of the vertical hair and the third 
adjustment are very important in the measurement of horizontal 
angles or m prolonging a straight line By taking double face 
observations the errors of the second and third adjustments 
may be eliminated Adjustment of the horizontal hair and the 
fourth and fifth adjustments are of utmost impottance only in 
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the measurement of verticaJ angles or in the levelling operations 
done with the theodolite Face left and face right observations 
should be taken to eliminate the errors of these adjustments 


PROBLEMS 

1 G re a 1 at of the permanent adjostmentso/ a tranait theodolite and atate 

the object of each of theadjaalroeots Deaenbe hotr yoa vonld make the 
ttnnn on axis perpend cnlat to the -aeTtieal axis (U B ) 

2 G vealiat of pennanentadjuatmeota ofatranait theodolite Explain cleatl; 
how yoo would testa theodolite to djaeover i/the horuontal ana and the 
line of sight were perpeadicolar to each other If adjastment of the line of 
eisht be foand necessary deaenbe how yon would carry it out (U B I 

S Oire a tut oftempocsry andpermaoeotadjastmeDts of a tmnsittbeodoLte 
A glrenlioe la prolonged with a theodolite hut it is found that the point 
he OB a eurre What is the soutoe of the ertoc t Describe how you would 
test and adjust the instrument 

A. Deaenbe with the aid of neat sketches how you would setthe platelerel 
at right angles to the vertical axis 

A Ton are asked to measure vetiicalangleseoneclly with a transit theodc^tc 
Explain clearly with aketebes bow you would teat the instrument and, if 
necessary adjust it 

A Explain the adjusUneot lor making the axis of the spirit level over 
T frame of the vertical circle perpendicolar to the vertical axis of the 
theodolite (G U ) 

7 Mention the permanent adiustmenta of a transit theodolite and explain the 
object of each of these adjastments (UP) 


4 * + + 
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TRIGONOMETRICAL LEVELLING 


Trigonometncal Levellmg is a branch of levelling in which 
the relative elevations of diiferent stations are determined from 
the observed vertical angles and known honrontal or geodetic 
distance The vertical angles may be measured by means of 
a theodolite, and the honzontal distances may be either measured 
or computed 

Various cases will now be considered 


Curvature and Refraction —The effect of curvature is to 
make the objects appear lower than they really are and that 
of refraction is to make them 
appear higher than they really 
are The effect of refraction is m 
opposite direction to that of curv- 
ature and IS taken as one seventh 
of tnat of curvature The com- 
bined effect of curvature and 
refraction is» therefore, to cause 
the objects appear lower than 
they really are The correction 
for curvature and refraction is 
applied in two ways 

(1) The apparent difference 
of elevation of two stations ts 
first calculated in the usual way 
and then corrected by applying algebraically the combined 
correction in linear measure 



( 2 ) The observed vertical angle is corrected by applying the 
angular correction algebraically before calculating the required 
difference of elevation 
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In Fig 18, let A and C =thc two stations whose differ 
ence of level is desired 
AB = the level Ime passing through A 
CD = , „ .. C 

AF = the horizontal line at A ( tangential to AB ) 

CE = the horizontal hue at C ( tangential to CD ) 

H = the true difference of elevation of A and C 
/.A AF = •< = the angle of elevation observed at A. 

/JO CE = p ~ the angle of depression observed at C 

d = the horizontal distance in m between A and 0 
4 ss the angle subtended by the horizontal distance AB at 
the centre of the earth 

/_ V'AC = /. AC C = f *= the angle of refraction 

m a the coeCBcient of refraction 
R ea the radius of the earth id m 

( 6881000 m ) 

It may be noted that on account of refraction the observer 
at A does not sight along the true line AC, but sights m the 
direction of AA , which is tangential to the curved line of sight 
AaC, since the signal at C is apparently seen in that direction 
Therefore, the angle actually observed at A with a transit is the 
angle A AF, while the true angle is CAF Siimlarlv, the angle 
observed at C is the angle C C£ wd the true angle is the angle 
ACE Hence the correction for refraction is subtractive in the 
case of the angle of elevation ( plus angle ) and additive for the 
angle of depression ( minus angle ) 

Corrected angle at A *= ^CAF = /_A AF — /_A AC 
= < — r 

„ at B = /.ACE = /C CE + /C CA 
= 6 4-T 

The angle of refraction ( f ) is usually expressed m terms 
of the central angle (fl) The coefficient of refraction (m) is the 
ratio of the angle of refraction and the central angle so that 
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The correction for curvature is additive for the angle of 
elevation, and subtractive for the angle of depression. 

Now we shall consider the two cases which occur in practice. 

Case I : — One angle will be an angle of elevation and the 
other an angle of depression. This happens when the difference 
in elevation of the two stations is great and the distance between 
them IS comparatively small 

Case II • — ^However, when the distance between the two 
stations IS great and their difference in elevation is small, both 
angles will be angles of depression. 

Refraction ■ Case I • — When one angle is an angle of eleva- 
tion and the other an angle of depression ; The angle of refraction 
or refraction error ( r ) may be obtamed us follows i ( Fig 18 ) 

The extenor angle of the aACX« Z.ACE = .^CAF+^AXC, 
Now ^ ACE tsi fi + r, /.CAF « < — r ; and AXO *= 


2 2 2 ' ' 


Cas^ 11 ‘—When both angles are angles of depression 
Changmg the sign of «< m ( 1 ). we get 


r=_L~(_L±^ 


( 2 ) 


in which 6 = — radians =* seconds, 

R R sin 1' 

It IS assumed that the refraction error is the same at both 
the stations 


Correction for Curvature and Rebraction :— ( Fig is ) 
( 1 ) The angular correction for curvature = ^FAB 


The corresponding linear correction 
d and R being expressed in metres 
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(u) The angular correction for refraction “/.AAC=CCA 


The value of m may be taken as 0 07 for sights over land 
and 0 08 for sights over sea R sin 1* = 30 83 m to SO 94 ni 

. l,d*0 14d* 

The corresponding hnear correction = — of — =* — =: — 

^ T 2R 2R 

‘'md* 

“Ir ® 


( lu ) The combined angular correction 

d mi 


= (curvature — refraction) »= ^ 




2 R 8 I 0 1* Rsm 

seconds 


The combined linear correction “ — Hfli 

an SR 

_ ( 1 - 2i 7» ) d* 


The combined correction is additive in the case of an angle 
of elevation and subtractive m the case of ar ant’le of depression 

Distance between Two Stations — The given distance 
may be horizontal or geodetic By geodetic distance is meant 
the distance reduced to mean sea level The required hon 
rontal distance may be computed from the given geodetic distance 
by the formula 

,5) 

R ' 

where I == the geodetic distance R *= the mean radius of 
the earth the elevation of staUon A. 



TRIGONOMETRICAL LEVELLING 




Axis-signal Correction : — The axis-signal correction, also 
called the eye and object correction, requires to be applied to 
the observed vertical angles when 
the height of the signal at one 
station IS not the same as that of 
the instrument at the other station 

Refemng to Fig 19, let 

A, = the height of signal at A. 

Aj — M n M et C. 

fcj s= M of instrument at A. 

/>, = „ „ „ at C. 

d =s the horizontal distance bet- 
ween the stations A and C. 
CH=athe difference between the 
height of signal at C and the 
height of inst. nt A* (aj— ftj). 

Fig 19. 

Vj s* the axis-signal correction to the vertical angle 
observed at A. 

Vt s „ „ n vertical angle 

ohserved at C. 

The correction may be found from the formula 

r= (heig ht of signal - height of (.pprox:n.ate) (6) 

( horizontal distance ) sin 1' 

Z.HAC= ‘>' 1 = seconds; y, = seconds. 

d sui 1' d sin 1' 

This formula gives suIBcienUy accurate results when the 
vertical angle is small and the difference between the height 
of signal and that of the instrument is also small If, however, 
the vertical angle is large, the angle HAC must be tahen at its 
correct value. It may be shown that 

(e:,act) . . . (7) 

J ® 

d cos — 
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6 IS usually small (a few minutes) and may, therefore, be ignored 
Then tan HAC = tan 

^ I /g\ 

Similarly, tan > 


Similarly, tan ftj) cos*^ j 

The correction is minus to -f- angle and plus to - angle 

The formula may be denved as follows : After drawing 
HK i^rpendicular to AH, meeting AC produced in K, 
It wiU be seen from Fig 19 that AHO = 180®— /HAO - 

^ an? so”- (•<+») ZCHK 

— 90 — /,AHO *>*<-{- j 

Now HK •= CH cos ( K + ) very nearly In the tnangle ABH 

0’“90®+4) cos-t 

A1I*-AB — , - ^ an 2 

iun{flO-(< + ff,J ^ +0" 

Now tan HAC — ^ a ^Hcos* { ^ + 0 ) 

AH ~ * 

AB cos ^ 

2 

But CH =r,— A, and AB =d 
* Tan HAC = (*» — ^) cos* ( < + $ ) 
d cos ~ 


of two'SatmnrLTfe'^e^'^^^ 

used when^*ris*^not do Obseryation —The method is 

of them being inacces^iS ‘’°*^** stations, one 

IS obsers ed af one S on and th N “ 

«ctedf„rlhecu,val„KL ;5^°’’"r"^ »"S>= 

of the coefficient of refract.™ to f“*"’ “"»“■■>§ ‘he vatoe 
SO DC 0 07 Since refraction is 
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very uncertain, the results obtained by this metho d a renot so 
accurate as those obtained by the second method. 

In Fig 20 , let A and C 

the two stations, the diffe- 
rence of level of which is 
required. 

•< = the angle of elevation 
observed at A. 

d — the horizontal distance 
between A and C. 

= arc AB = chord AB = AF. 
H = the difference of level of A 
and C 

Neglecting the correction for 
curvature and refraction, and 
tbe axis-signal correction, the 
formula forH may be derived as 
follows . 

Caae 1 : the duianee i$ very great — 

In the A AOC, A AOC 6 ; I.CAO » 90" -f 

A ACO = 180" - ® - { 90" + < ) « 90" - ( «c -f 9 ). 
In the A ACF, A CAF *= < ; AACF = 90"- ( < + 9 ). 

A AFC = 180" - K - 90" + < + 9 = 90" -f- 0. 

By the Sine rule, we get 
The apparent height (CF) 

_ AP sm CAF AF sin < AF sin *< 

“ sin ACF ~ 8in{90"— ( K + 9)} cos ( < + 9)* 

But AF may be taken equal to d without appreciable error 



CF = d ( exact ) 

COS ( < -h 9 ) 
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Case II • — When the dtstanee tt comparatiwlt/ short and 
ihe angle < is fairly small, 6 maj be neglected. In other words, 
we assume the angle AFC to be a nght angle. The abore formula 
may, therefore, be written as 

CF » d tan •< ( approximate ) (9a) 

To determine the Talue of H, the axis-signal correction 
and the corrections for curvature and refraction must be applied 
to the apparent height thus found 

Case I — (a) (\ery great distances) — When the observed 
angle is an angle of elevation ( -h angle ). Applying the 
axis signal correction to the observed angle <, we have 

Corrected angle s •< .. the cwrectjeo being 

d sin 1 

minus in the case of an angle of elevation ( -}♦ angle ). The angle 
thus obtained is further corrected for curvature and refraction. 
Thus we gel the true value of the observed angle <. 

Then in the A ABC, ^CAB = -Cj - + -i-; 


AABC = 90* + . 

2 

ZACB = 180 ”-(g„. 

= 90* — ( ^ jj. 

^ sm ^ o(j _ 

si^Tacb ” ^ e)]^ 

sm^ *<1 — m* -f — ^ 
cos<<j_Bi« -f ep* 


^'owH=CB= AB 
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Substituting the values of $ tmd AB, we ha\e 


sm< Ki+(1— 2m) - 


*^5 ^ «< 1 4 - ( 1 — m ) - 


- (exact) (10) 


Cose I — (b) (Very great distances) — When the observed 
angle ts an angle of depresston ( — angle ), we proceed as foDows 

Applying the axis signal correction 
to the observed angle g and denoting 
J'N. the corrected angle by we have 

[ correction being plus m the case 

I / of an angle of depression ( — angle ) 

A / Pi is further corrected for curvature 

/ and refraction, thus obtaining the true 

/ value of the observed angle ^ 

5/ Thus in Fig 21, the true angle 

O = ACD « 4- ms- i- 


^AEC«90®— and Z CAD = 9 + 90' — (^1 4- mfl) 
= 90' — ( (Sj 4-me — e) 

Then from the A ACD, AD = H = CD 


( sm 90' — (fl I 4- me — 6)]^ 
Substituting the values of $ and CD, we get 


nf^x — ( 1— 2m) 1 --*1 

L ' 2R sin I'' J 

isr/^i— (1— n») *] 

L ^ R sm 1' J 


(exact) (11) 
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Case Ilia) .-—(Great distances): —IF/i^n the observed an^le 
xs an angle of elevation ’ Assuming the angle ABC (Fig 20) to 

be a nght angle, being ignored ^ , 

CB s= AB tan CAB 

= AB tan ^ «fi — mtf 

Substituting the values ot 9 and AB, we have 
H =dtan^ *ii+(l— (approximate).. (12) 

Cose 11 (b) . — ( Great distances ) — When the observed angle 

w on on|le 0/ drprcsiton • When is neglected, >. e. ^ADC 

taken as a right angle ( Fig 31 }. we bare 

H ■» AD = CD tan ACD ■= CD tan ^ 4. mp 

Substituting the values of 0 and CD, we get 

H => d tan 1 — (I— 2m)^^--— (approxunate) . . (1*) 

To avoid confusion, computation work should methodically 
be done m the following steps : 

(1) Find the axis-signal correction from formula (6) and 
apply it algebraically to the observed vertical angle, due attention 
being paid to the sign of the correction. Thus we get the value 
of <1 OP Pj. 

(2) Obtain the values of ( I — 2jn ) and 

2R sui V 

(1 — m) ^ and add them algphpaieally to the calculated 

value of oCj or Pi, thus obtaining the value of the observed angle 
corrected for the difference m height of the signal and the 
instrument, and for eurvalore and refraction. 
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(3) When the distance (d) is very great, substitute this value 
of the corrected angle m formula (10) or (11) according as the 
observed angle is + angle or — angle, thus deteraimmg the value 
of the difference of elevation (H) of the two stations A and 0. 

(4) When the distance is great, add the value of 

( 1 — 2m ) aleebraieally to the calculated value of t 

' ^2Rsml' ^ ^ 

or Pj and substitute the value thus obtained in formula (12) 
or (IS), luus obtaining the value of H 

Approximate Method — In this method the apparent 
height CF IS calculated from formula ( 9a ) and is then corrected 
by applying the corrections for height of instrument, height of 
signal, curvature, and refraction m hnear measure Thus we 
have 


(a) IVAm the abterved angle ts an angle of eUvaiion 
H B d tan «< + height of inst — height of signal 

+ ( curvature — refraction ) 

d* 

or H = d tan < + h — s *r(l — 2m ) (14) 

2R 

(b) When the observed angle *s an angle of depression • 

K = d tan p — height of inst + height of signal 

— ( curvature ~ refraction ) 
di 

or H != d tan P — h + s — (1 — 2m ) — (15) 

Second Method By Reciprocal Observations — In this 
method the vertical angle to each station is observed from 
the other station, and the refraction effect is assumed to he 
the same at each station In order to completely ehmmate 
the refraction effect, simultaneous observations should be 



SURTEYINO AND LETELUNO 



It is not, however, usually possible 
to measure the vertical angles 
simultaneously. They sh«uld 
therefore, be measured at the tune 
■when the refraction effect is mini- 
mum and on different days. 
Since refraction is less variable 
between 10 a ir and 3 p. m., the 
vertical angles shouldasns nirured 
during these hours The results 
obtained by tins method are 
mote accurate than those obtained 
by the first method. 

In Fig. 22, let A and C be 
tlie stations whose difference in 
elevation is required. 


d 

AB 

CD 


the honzontal distance m m between A and C. 
the level line passing through A. 


AF = the horizontal Ime at A { tangential to AB ). 
CE = the homontal Ime at C ( tangential to CD ). 
AaC = the curved Ime of sight. 

^'=the hne tangential to AaC at A. 

ZA AT = the angle of elevation observed at A. 

Z C'CE = the angle of depression observed at C. 

ZA'AC = the angle of refraction (r) at A. 

ZC'CA = the angle of tefraction (r) at C 

ZAOC = the central angle (e). 

H = the difference of elevation of A and C. 


thatobservationraJmadefti^“*“iT ^ 

upon a signal of Z TZ •“ ‘ '' 

Instrument. Correcting the ground as that of the 

tore mid retractiTnrwe W ^ ^ 
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The corrected angle at A == CAB = the observed angle A'AF 
4- total correction for curvature and refraction, the sign of the 
correction being positive in th“ case of an angle of elevation 

Now the coiTe'’tion for curvature = FAB = — =s ECD 


„ „ refraction =A'AC = r =mtf=C'CA. 

Combined cotreetion = 

Hence the corrected angle at A = CAB 
= + the sign of the correc- 

tion being positive in the case of an angle of elevation 
Sumlarlj , the corrected angle at C = ACD •=»)*— 

^ 0 + m9 the sign of the correction being negative in 

the case of an angle of depression Since chords AB and CD 
are parallel, CAB = ACD 

*^~me+ -^ = 0 -i- Tn$ — -f-, and each = 

2 2 2 

Now in the ^ACB, AB=ii, CAB *= K — 0 + 

ABC = 90“ + ±, ACB «90*-(/r +m0) 


By the Sme rule, we get 

sm ^ B- — m9 + - 


CB = AB 


sm CAB 


= d - 


) 


1 ACB sm [99" — {0 -h mg)} 
sin^ *< — me 


cos(fl -bm0) 



58 


SUEVEYINO AND LEVELLIVO 


But n + me - + * :CB=H;and <-m 9 + l = ^ 


H /■("') 

c®) 




men the distance d is not veiy great, ^ being very small, 


may be neglected Then H=(itan ^ 


From these, the formulae for the case when both < and /S 
are angles of depression may be deduced by wntmg - ^ for < 
( changing the sign of k ) b 


For very great distances, H = d ' /jgj 


Pot great distances, H - d tan ^ 




find ttc “■'= '™ be given, 

the cotrespondmg horizon^ dclancc tom formula (5) 


•ngla’-C^Md «to,rr”^‘^, ‘'■= observed 

aUy to the angles < andT and d ''PP'P ‘■‘o™ algebraic- 

by e< j and d denote the angles thus corrected 


and ‘o P- -fi'e 


(m) Fmd the sem. sum ot the corrected angles 
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and substitute it in formula (16) or (17) to obtain the true 
difference of level of the two given points. 

(iv) When both the obserxed angles are angles of depres- 
sion, find half the difference of the corrected angles ^ 
and substitute it m formula (18) or (19) 


Examples on Trigonometrical Levelling 
Example 1 ; — ^Determine the difference in elevation between 
two stations A and B and the elevation of B from the following 
data : — 

Observed angle of elevation at A « 3'^ 46' 30'. 
Height of instrument at A = 1 • 56 m 

Height of signal at A 3 84 m. 

Horizontal distance between A and B = 2347 68 m. 
Reduced level of A s 528 >750. 

(a) By approximate method — Here the corrections for 
height of instrument, height of signal, curvature, and refraction 
are apphed m linear measure 

Apparent height of the top of signal above the instrument 
axis at A = ft = d tan < «= 2347 *68 tan 3® 46' 30' ; 

log ft = 2 1900613 / h — 154 DOS m 

The coiTectaon for curvature and refraction 

= 0-0673 X 

\ 1000 / 

= 0 371 m 

Hence the difference m elevation of the stations A and 
B = d tan < +ht. of lost — W of signal + coneebon for 
curvature and refraction 

= 154-903 -1- 1-560 —3 840 +0-371 = 152-994 m. 

R. L. of B s= R. L of A + H = 526-750 + 152-994 
= 670 744. 
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(fc) Altemaivce method — Correctjng the observed angle for 
the difference between the height of signal and that of instru 
meat, and for curvature and refraction in angular measure and 
denoting it by ^ , we get 

(0 Axis signal correction = y « S seconds 

d sm 1' 

_ 3 840 — 1 560 
SSVrWsin 1' 

= 2D0 S17 seconds 

The sign of the correction is minus, smee the observed 
angle is -f* angle- 

(ii) Correction for curvature and refraction 

•=C„, 

( 1 - 2ot )d^( 1 — 0 14 ) S347 68 
** 2R sin 1' 2 X CJ71000 sin 1' 

« 32 GSS 


Corrected angle of elevation ( 

= 8 * 46 80 ' — 200 ' 319 + 82 ' 683 
* 8 * 43 42 ' 91 

Hence the difference in elevation of the stations A and B 
=s H »= d tan k 9 

= 2347 68 X tan 8*43 42' 366 
Log H =2 1837237 H = 152 659 
R L of B = 526 75 0 + 152 659 = 679 409 
(c) By ngOTOus methid — (1) Angle subtended at the centre 

of the earth by the distance AB = 9 = ^ seconds 

R sin 1' 


2347 68 
6371000 niTi^’ 


: 76 007 seconds 


in) Axis signal corrppfion =» y* = S * 

d tan 1' 

_(S 84-1 56)cos*a*46 30' „ ,, i 
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(ill) Correction for refractum —m6 

= 0 0" (76 007) 

= 5 321 seconds ( — w ) 
(iv) Corrected observed angle =<6 
= 3® 46 80' — 190 '438 — 5' 321 
= 3® 43 S' 24 


( V ) Find the angle of depression Po from the relation 

=3® 43 5 '24 + 76' 01 =» 3' 44 21' 25 
Hence= 1 ° « 4 (3“43 5' 24 + 3*44 21' 25) 

«::8®4S43' 2a 


( VI ) Difference m elevation H = d sin ^ ( < 0 + ^e) 
cos fio 

2347 68X810 8*43 48' 25 
cos 8*44 21' 2a 
=■ 152 848 


D L of B «* 526 750 + 152 848 — 679 698 
Example 2 — The following data refer to the elevation*, 
of the ground stations of a triangle ABC in a trigonometrical 
survey 


(i) Vertical angle from') 

A to B = + 1*20 20' [weight 
Vertical angle from j 2 
B to A= —1*12 24'J 
Distance AB = 4777 8 m 

(ii) Vertical angle from') 

B to C = — 49 24' I Weight 
Vertical angle from ( 2 

C to B = 4- 55 12'j 
Distance BC = 4068 2 m 


Height of signal at A = 4 92 m 
Height of inst at A = 1 50 m 
Height of signal at B = 4 44 m 
He ght of inst at A = 1 47 m 

Height of signal at B =s4 71 m 
Height of inst at B = 1 44 m 
Height of signal at C = 5 52 m 
Height of inst at C = 1 41 m 


(iu)Vertical angle from 
C to A = — 47 12' 
Distance CA ®= 3187 6 m 


Height of signal at A = 3 96 m 
Height of mst at C = 1 44 tn 
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Fmd the elevations of B and C and adjust them to close, 
given that the elevation of A is 1600 560. 

^i) (a) Axis signal correction — ( — to-f-angleand+to — angle) 
Inst at A ! = t=12G'-92 ( — w). 


Inst at B * Vi= = 

d sin 1' 


= 148'*94 (+rtf) 


(b) Correctmg the observed angles for axis-signal : — 
1* 20' 20' — 126' 92 = l*18'l3'-08 
1'‘12’ 24' + 148' 94 1*14' 52'-94 

*4- A 

— 1 


(c) Difference of level between A and B •— 

tan J ( <,+ ^t) *4777 8 tan 1' 16'88'-01 
* IQ6 404 m 


<u) (a) Axas-signal correction •— 

Inst atB y-«- 

4068 SID 1' 


i:' Corrcctihg^tbe observed angles for axis-signal 

•< 1 _f= 55 12' — 167' 32 = 52' 24'-68 
+ 206' 87 == 52' 50'-87 
i ( *<1+ fii ) « 

^ - 1 ^. Diffcience of le\elB and C — 

Hj * 4068 tan 52' 37 78 = — 62 280m 
{ill) Axis signal Correction — 

r * u (3 96 — 1 44) 

Inst at e y = swTs ~ 
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(b) Correction for cun ature and refraction • — 

The correction is necessary, since only one vertical angle 
was obsened 


Cc 


( 1 — 2m ) d 
2K sm 1' 


( I — 0 14) aisr 5 
3 69 ~ 


= 44-37{ — 


ce) 


R sm 1' being taken as 30 89 

(c) Correcting the obsened angle for axis signal and 
for cun ature and refraction 

^0 = 47'12'' + 2'43' 07 — 44 37 

= 49' 10" 70 

(d) Difference of level between C and A — 

Rj = 3187*3 tan 49' 10* TO 
43 588 m 

Assuming the elevation of A as zero, 

Closmgerror » + 106 404 — 62 280 — 45 5S8 
IS 1 464 m 


This ettor should be distributed among the calculated 
differences of level lQ^e^sely as the weights of obsenations i ^ 
as^: J.l 

. Coirection to 464' =s 0 366 

„ J (I 464) = 0 36G 

„ „ H,= 4 (t 464) = 0 732 

Hence Ihe corrected differeni.*es of level are “ _ 

Hi « -f- 106 404 +0 366 = 106 770 Cf'V 

H, s= — 62 280 + 0*366 = — 61 J ~ 

H, — 45 588 +0*732 = — 44 856*5 ' 

check — sum = OUO 00 

Elevation of B = 1600 550 + 106 770 -*>— •- 

= 1707 320 t 

Elevation of C =* 1600 550 — 61 914 
= 1645 406 

( Elevation of A — 1645 406 — 44*836 
= 1600*550) 
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Examples — To detenuine tbemean elevatjon of a station 
O interpolated in a tnangulation sjstem the following observe 
tions Were made 


Inat i 
Eta 1 

Ht ofj 

St lion j 

D stance 
in. m 1 

1 

1 He ght of I 
1 sgnal 1 

Vertical 

Angle 

Remarks. 

“ 1 

1 63 

D 

3681 

5 58 

+ 1*1 20'' 

B Bin l'= 30 88 Bu 

" i 

' 1 63 

E 

1 ms 1 

4 11 j 

-52 SO* j 

n 0 07 

° I 

■ 1 53 1 

' F 

j 60'*8 6 j 

4 92 

1-34 itr 

log sin l'=S 685575 


Find the mean elevation of station O, given that the eleva 
tions of D E and F are 293 58 157 725, and 179 355 respc 
etively 

( I ) A:cis signal correction — By y = ~S — ^ seconds 
d sin 1' 

OD 71 ^lr^_^) = 226' 76-fi 46*' 76( -rs) 
368Jsmr ' 

r,v „ (4 11 - 1 53\ 

^ ^^sinT' = ”3' 27 = 1 53* 27 ( + «) 

OF 7, » -- l^j9' Q5 ^ 2 19'05{ + c«) 

6028 6 sin 1 ' 

(li) Correction lor curvature and ^fraction — 

C .^(7 ~2m)d 
2 R sin I' ' 

<m C 14) 3684 

MU ^ _ 51. 3Q 

2 X 30 88 

OE c„, = LLr ° ”) 42 

2 X 30 88 

OF = _2i, ,5 

2X30 88 ® 

(lu) Correctmg the observed angles for axis signal, and 
for curvature and refraction. 
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0 to D : «<1 « 1”1'20' — 8'46'‘76 + 51' *30 = 58'24'*54. 
0 to E o<j = 52' 50' + 1' 53'*27 — 1' 5'*42 = 5S'37'*85. 
0 to F : <8 = 34' 10 ' + 2' 19' 05 — l'll'*15 =- 35'17'‘90. 
(iv) Difference of level of the stations • — 

O and D ; HD = 3684 tan 58' 24' 54 = + 62' 587. 

0 and E : HE =4698 tan53'37'*85 = —73*326. 

O and F HF = 5028 tan 35' 17''90 = — 51 633 

Elevation of O in the first case = 293 580 — 62 587 =230 993. 
Elevation of O in the second case = 157 725 -j- 73*326 =231 051. 
Elevation of O m the third case = 179 355 + 51 633 =230*988. 

693 032 

Elevation of O = 231 017 mean = 

= 231 017 


PROBLEMS 

1 Coneet th« obserred altitude for tte height of rigsal, and refraetios 
from thefollowiDg data 

Obserred altitude 3^ 12 4S* Height of signal m 4 343 m 

Height of iQ«truTneat 685 m Horuootal distance ~ 3787 14 m 

<Aas 2 30* 237 . 8 179* . 3* 10 0 584*) 

2 f^nd the diff'eience of level of the points A and B and theredacedlerel 
of B from the following data 

Horizontal distance between A and B « 5625 369 m 
Angle of depression from A to B = «* 23 3^* 

Height of signal at B ^3 886 ra 
Height of iDstninient at A » 1 497 ni 
Co efficient of refraction » 0 07 
R sin 1* = 30 876 m P. L of A « 1265 850 

{Ans 145 213 m 1120 637) 

3 Find the diiference in level between two points A and B and the refrae 
tion correction from the following data 

Horizontal diotance between A and S = 6S82 384 m 
Angle of elevation of B at A ^ 1* 50 20' 

Angle of depression of A at B « 1* 51 10' 

Height of signal at A ca 4 145 m 

Height of signal at B » 3 597 m 

Height of instnunent at A « 1 463 m 

Height of instrument at B » 1 554 m 

( Aus. 222 03 m 15' 35 ) 

6. n-8 
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4. Two stationa A and Bare ntoated at a distaoce apart of 2696 819 m. 
The depression angle of B at A w 5' I(r and the depression angle of A at B is 
•}’ 43* The heights of signal at A a“d B are respectively 3 90 and 3 22 la 
and the heights of lastnanent at A andB 1-463 m and l-SSt ta. reapectirelT 
Calculate the difference of lerel of A and B and the refraction at the time 
of observation (Am 11*339 ro. 1' 5* 12) 


6 Determine the redueed level «f B from the following data 


Hotwontal distance between A and B » 
Height of instroznent at A * 

Height of instrument at B « 

Height of signal at A = 

Height of signal at fi 
Angle of elevation of B at A 
Angle of depression of A at B 
Reduced level of A 
R sin 1' 


. S4Sa*96c: 
1*433 m 


- 1* 52' 4'. 

. I* 49’ 20'. 
. 950*15 


(Am. 1002‘052.) 


6 Two stations A and B are tttoatedat a distance apart of 8!t4l*116 DU 
The following ob>ervatioas were recorded. 

Height of signal at A 1 517. 

Height of instrnraent at A b 1*463 m 
Angle of elevation from A to B k 2* 12’ 20'. 

Redneed level of A * 14SO’50id. 

Height of signal at B » 3 938 m 

Height of lostnunent at B « 1 512 tn. 

Angle of depression froio B to A » 2* S' 30*. 

Determine the reduced level of B 

(Ana. 1553*97.) 


7 Two stations A and B are 3791 
tions were recorded 
Height of instnnnent at A 
Height of Ngnal at A 
Height of instrament at B 
Height of signal at B 
Vertical angle from A to B 
Vertical angle from B to A 
Redneed level of A 
Find the redneed level of B 


2 ft. apart The following ofcserva* 

- 1 463 m. 

5 09 m 

- 1 494m 

4 Slim r 
= + !• 54 SO*. 

- 1» 50' 25* 

1275*60 m. 

(Ans 1399*955) 


•f *«* <f 
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TACHEOMETRIG SURVEYING 


Tacheometry is a branch of angular surveying in which 
the horizontal and vertical distances of points are obtained by 
instrumental observations chaining being thus entirely elmunat* 
ed The method is most rapid though less accurate The accuracy 
of tochcometrv is less than that of chaimng, but it is far more 
rapid m rough and difficult country where ordinary levelhng is 
tedious, and chaining is inaccurate, difficult, and slow When 
obstacles such as steep and broken ground, deep ravines, stre- 
tches of water or swamps are met with, tacheometry is best ada- 
pted from the pomt of view of speed and accuracy The pri- 
mary object of tacheometry is the preparation of contoured maps 
or plans It is ettensivelv used on hydrographic surveys, loca- 
tion survejs for roads, railways, reservoirs, etc It can be 
used for checking more precise measurements It is well ada- 
pted for locating contours and filhng in detail in topographic 
surveys 

Instruments — The instruments usually employed in tacheo- 
metry are (1) a tacheometer and (2) a levelling or stadia rod 
A tacheometer, in a general sense, is a transit theodolite having 
a stadia telescope, i e a telescope fitted with a stadia 
diaphragm, i e a telescope equipped with two horizontal 
hairs called stadia hairs in addition to the regular cross- 
hairs The additional hairs are equidistant from the central 
one and are also known as stadia Imes, webs, wires, or 
points The types of stadia diaphragm commonly used 
are shown in Fig 23 The kinds of telescopes used in stadia 



Fig 23 


surv eying are ( i ) the external focussing telescope, ( u ) the 
internal focussing telescope, and (m ) the external focussmg 
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aDallatic telescope ( i e telescope fitted with an anallatie 
lens ) The term tacheometer is restricted to a tranbit 
theodolite provided with an anallatie telescope The essen 
tial ■"baractenstics of a tacheometer are ( i ) The value 

of the constant -I— should be 100 ( u ) the telescope should be 

fitted witli an anallatie lens ( ui ) the telescope should be 
powerful the magnification being 20 to SO diameters, (iv) 
the aperture of the objective should be S5 to 45 mm in diameter 
m order to have a sufficiently bnght image, and ( v ) the magm 
fymg power of the ejepiece should be greater to render staff 
graduations clearer at a long distance 

Stadia rod — The stadia 
rod IS usually of one piece 
but for ease of transport it 
may be folding or telescopic 
It IS 5 cm to 15 cm wide 
and 5 to 4 m long It is 
graduated ui metres decime 
tres and centimetres The 
pattern of graduations should 
be bold and simple Some 
patterns of graduation are 
shown in Figs 24 2a 26 
For short sights upto 
100 m an ordinary transit 
equipped -with a stadia 
telescope (or stadia theodohte) 
and a levelhag staff ma> be 
used The stadia theodolite 
IS an instruinent of low 
precision the accuracy of a 
Single measurement being 
about 1 in SOO However 
it IS most Suitable for filhng 
in topographic detail But for 
long sights say, more 300 m 
a tacheometer and stadia rod 
are required. 



Fig 3i 


Fig 23 Fig 26 
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Tacheometnc method —The various tacheometric 
methods may be classified as 

Tacheometry 


Stadia method Tangential method 


Twed hair Movable bait 

The prmeiple underlying these methods is as follows — 
If C and D be two points, and if a transit is set up at C, the 
honzontal distance of D from C and the elevation of D with 
respect to the instrument axis at C can be obtained from (1) the 
vertical angle to D from C, and (2) the angle subtended at C by 
a known distance on the staff held at D This principle is uti- 
lised in different ways in the above methods and consequently, 
the methods of observation and reduction are different 

I ( a ) Fixed Hair Method — The interval between the 
stadia hairs being fixed 

In this method the stadia hair interval is fixed When 
a staff IS sighted through the telescope, a certain length of the 
staff ( staff intercept ) is intercepted by the stadia hnes and 
from this value of the staff intercept, the distance from the 
instrument to the staff station may be determined It may be 
noted that the staff intercept vanes with the distance at which 
the staff is held In the case of inchned sights the staff may 
be held vertically or normal to the hne of sight This method of 
tacheometry is in most common use 

( b ) Movable Hair Method — ^The interval between the 
stadia hairs being vanable 

In this method the stadia hues are not fixed, but can be 
moved by means of micrometer screws The staff is provided 
with two vanes or targets fixed at a known distance apart, usually 
3 m The vanable stadia interval is measured, and from this 
value the reqmred honzontal distance may be computed This 
method is now rarely used 
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3 m IS held at a statmn^r^ !k ^ 

observed^::ehTZ^^^^^^ ^ 

teleseonp nf +k-^ i. nietnod is used when the 

wth a 

.n.t™ '.Z m? ‘ZZ ‘ •« 

the Mown. observafoasieZZ?'-**'*”” 

to th/pLf ' *''' ''“ -ttmnent .taboa 

or al a!igW reZssw^?!- .Zl Z'" ''7“*'°” ' + “®‘' ’ 

Circle of the transit ^ ^ ^ recorded on the vertical 

PnacI!! '7 •<’? 

method IS as foUows'^'^'^ Method —The pnneiple of the stadia 



Fig 27 


'°A?cr«d B° = Z tT“^ 

B. c, and A — tk twttom hairs or hues 

B'A' = . _ °" "■' '‘y “e tltree Lnes 

- rSA'Zfb'^"”" “■= taes or haos, 
BA »s =«, “““ge ef BA) 

hair difference of the stadia 

prme,:.“r<s;ZTr'“'‘“ 
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/j = the horizontal distance from the optical 
centre ( 0 ) to the staff. 

/j = the horizontal distance from the optical cen- 
tre ( 0 ) to the image of the staff, 

and being called the conjugate focal 
lengths of the lens 

d = the horizontal distance from the optical cen- 
tre ( O ) to the vertical axis of the tacheo- 
meter 

D the horizontal distance from the vertical axis 
of the iQstnunent to the staff 


AOB and A'OB' being similar. 


AB 

A^' 


OC 

0 ^ 


or 


* /» 


By the formula for lenses, — « — + 

/ fi ft 


A 

f t 


II -1 = 4 = 1 . 

/ /s • 

/.=4s+/ 


The distance from the vertical axis of the instrument to 
the staff «/i -h d 


D=/,+d=4s+(/+i) 


( 1 ) 


The formula is to be used m stadia measurements when 
the hne of sight is horizontal and the staff held vertically, i e 

perpendicular to the hne of sight The quantities J- and / + d 

t 

are called the constants of the instrument, their values being 
usually marked on a card attached to the mside of the box by the 

maker The constant — is called the cimsiant mulUplier or mutti- 
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consiant and its value is usually 100 ( jn some telescopes 
it IS made equal to 50 or 200 ), while the constant/ + <J is called 
the addtlire fonrtun/ its value varying from SO to 60 cm a 
the case of an external focussing telescope Iq the case of an 
mternal focussing telescope, / + d has a value of a few m 
( 8 to 20 cm ) and is, therefore, often ignored To make the 
value of the additive constant exacUj equal to zero, au addi 
tioaal convex I'us, known as the anallatie lens, u provided in the 
telescope of a tacheometer between the object glass and the 
eyepiece at a fixed distance from the former By this arrange 
ment calculation of heights and distances for inchued sights 
IS verv much simplified 

AUerrutm Proof — In Fig 28 
let 0 = the optical centre of the objective 
p and 7 a the top and bottom stadia wires 
P and Q the points on the staff cut by the two wires 

F ■= the prvQctpal focus of the objective. 

fi » the horizontal distance from the opticsd centre 
{ O ) to the staff 

/, =5 the honzontal distance from the optical centre 
{ O ) to the image of the staff 

/ = the focal length of the objective. 

d =s the horizontal distance fioBi the optical cen- 
tre ( O) to the vertical axis of the instrument. 

D = the honzontal distance from the rertisal ams 
of the instrument to the staff 

H = the honzontal distance of the staff from the 
prmcipai focus (P) 

S =s QP = the staff mlercept. 

**={?= the interval between the stadia wires 
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Since the rays of ligbt passmg tbiongli the principal focus 
of the objective emerge parallel to the axis of the telescope, 
we have 



Fig 28 

gp^gp —1 

Smce the triangles PFQ and p Fj are similar we get 

SE-=5-=— or B = -Ls 

tp f ' > 

D=H+/ + <i'=i S+(/ + <i) (1) 

Determination of the Instrument or Tacheometric 
Constants —Two methods are available for detennimng the values 

of the constants — and / 4- d of a given instrument 

« 

First Method — In this method the value of (/ + d ) is 
obtained by direct measurement and that of by computation, 

as the stadia hair interval (t) is too small ( not exeeedmg 
2 mm to 3 mm ) to be measured very accurately 

Procedure — { i ) Sight any far distant object and focus 
it properly 

( 11 ) Measure accurately the distance along the top of the 
telescope between the object glass and the plane of the cross hairs 
(diaphragm screws) with a rule, the measured distance bemg 
equal to the focal length (/) of the objective 

(lu ) Sleasure the distance (d) from the object glass to the 
vertical axis of the instrument. 



n 


SURTEYtNQ AND IBmiHfG 


( IV ) Measure several lengths Dj, Dj, Dj, etc along AB 
from the instrument position A and obtain the staff intercepts 
Sj, Sj, Sj, etc at each of these lengths 

( V i Kaowmg / + detenmns the several values of 
from formula (1) 

( vi ) The mean of the several values gives the required 
value of the constant Calculation work is sunpUied, if the 

I 

instrument is placed at a distance of/+ d beyond the begiwuiiS 
( A ) of the line 

There are two types of an external focussing telescope, vb 
( I ) one m which the object glass is moved in focussing, w which 
case the value of d is variable for different lengths of sights, 
being sbghtly greater for short sights than for long sights, and 
( 11 ) the other in which the ejepiece and diaphragm are moved 
in focussing, m which case the value of d is constant 

However, the ^ anation in the value of d is neghgiUt, aiaa 
it IS few millimetres The value of d is measured when 
the telescope is focussed for an average length of sight 

Note —The additive constant of an internal focussing 
telescope cannot be determined in this way One haS to rely 
upon the figure supplied by the maker 

Second Method — la this method the values of the con 
stants 1— and f -^d are obtained by computation 

Procedure — ( i ) Measure a Ime OA, about 240 m long, 
on a fairly level ground with a steel tape, and fix pegs along d 
at intervals of, say, 30 m 

( 11 ) Set up the instrument at O and obtain the staff inter- 
cepts by taking stadia readings on the staff held truly vertical 
on each of the pegs 

On substituting the vahi« of D and S m the formul a (1) 
we get a number of equations -which, when solved m 
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determine the several values of tiie constants ^ and / + d, their 

mean values bemg adopted for the values of the constants. 
Thus, let Di, D 2 , Dj etc = the distances measured from the 
instrument, and Si, S2, Sj, etc sathe corresponding staff 
intercepts Then we have 

D. = 1 S, +(/+<i).D,= Zs, +(/+J),D,= Z.S,+ (/+<i), 

\ \ t 

etc 



Fig 29 


Anallatic Lens — The object of providmg an additional 
convex lens, called an anallatic lens in the telescope is to eh 
mmate the additive constant (/ 4- d) This can be done by 
bnngmg the apex { N ) of the tacbeomelnc angle ANB ( or the 
vertex N of the measuring tnangle ANB ) (Fig 29 ) into exact 
coincidence with the centre of the instrument Fig 29 illustrates 
the arrangement of lenses m an anallatic telescope The anal* 
latic lens is placed between the eyepiece and the object glass 
at a fixed distance from the latter It may be noted that it 
vs provided in an external focussing telescope only and not 
in the mtemal focussing telescope which is virtually anallatic 
smee the value of (/ + d) is only a few centimetres The dis 
advantage of the anallatic lens is the reduction in bnlhancy of 
the image due to mcreased absorption of hght The theory of 
the anallatic lens may be explained as follows — 

In Fig 29, let S = the staff intercut AB 

»' = the length ba of the image of AB when the 
anallatic lens is interposed ( the actual stadia 
mterval ) 
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t = the length b^Oi of the image of AB when 
no anallatic lens was provided 
O =5 the optical centre of the object glass 
M =s , „ of the anallatic lens. 

k = the distance between the optical centres 
of the object glass and the anallatic lens 
/ =s the focal length of the object glass 
J ~ the focal length of the anallatic lens 
Fj=the principal focus of the anallatic lens 
N = the centre of the instrument 
d = the distance from the centre of the object 
glass to the vertical axis of the instrmnent. 
D » the distance from the vertical axis of the 
instrument to the staff 

f^ and /| the conjugate focal lengths of the object 
glass 

m *■ the distance from the optical centre of the 
object glass to the actual image ba 

The rays of liglit emanating from A and B along AN and 
BN are refracted by the object glass and meet at Fi The anft 
Uatic lens is so placed that Fj is its principal focus Therefore 
these rajs passing through F, would emerge m a direction 
parallel to the axis of the telescope after passing tlirough the 
anallatic lens Thus the path of the ray from A is AfljFiflta 
and that of the ray from B is BhjFjhjh Thus ba represents 
the actual image of the staff intercept AB 

These rajs would have formed the image hjOj if the analla 
tie lens was not mterposed 


Now fay laws of lenses 4- ^ 

/ /i /» 


(0 

(») 
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The negative sign is used m (u) as ba and are on the same 
side of the anallatic lens (m~k) and {/j—^ ) are the con- 
jugate focal lengths of the anallalrc lens 


Also, ~ .. (ill) and — = ^ .. (iv) 

• /s t' (m-h) 

Bj eliniinatmg m, /a, and i from these equations, we get 

f //'S . /(b-f) 

•'(/+/' -i) (/+/'-*) 




S fik-f) 

(/+/'-*)■ ■' U+f'-k) 


jr 


+ i.. (v) 


Now the term d 


U/+/'-A 

zero m order that D should be pioportioDti] to S. 


should be equal to 


The distance of the anallatic lens from the object glass 


•/' + 


fd 

if + d) 


( 2 ) 


'iVhen this condition obtains, the vertex (N) of the 
measuring tnangle ANB is exactly coincident with the centre 
of the instrument, %. e N is situated on the vertical axis of the 
instrument. By adopting suitable values of /, k, and 

— IS made equal to 100 Hence we have D = 100 

»'(/+/'-*) 


Case 1 —When the Une of sight is horizontal and the staff 
held vertically : 

Horizontal distance (D) of the staff from the vertical 
axis of the instrument is given by D=— S+(/ + (i) 


Elevation ( or R L. ) of the staff station 

= elevation of the instrument axis — axial hair reading 
Elevation of the instrument axis 

= elevation of the bench mark + backsight 
or =• elevation of the inst station -f H I. 
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where HI = the height of instrument or mstrumeot axis 
1 e the vertical distance from the instrument 
station ( top of peg ) to the centre of the object 
glass 

Inclined Sights — When the ground is rough, honzonta 
sights are not possible and, therefore, inclined sights must be 
taken In this ease the staff may be held either vertical or 
nonnal to the hue of colhmation (or sight) 

Case II — When the line of coUimabon ( or sight ) is inchned 
to the honzontal and the staff is held vertically { Fig 30 ) 



Fig 30 


Let A « the instrument station 

A the position of the instrument axis 
P = the staff station. 

D, C, and B s=the points on the staff cut hy the 
hairs of the diaphragm 

CA7f = a = the inchnation of the hne of eolL- 
matioQ A C to the honzontal 
DB = S = the staff mtercept 
PC = A = the axial reading 
A'C != L = the distance along the Ime of 
collunatioa from the instrument axis 
A' to the point C 

A'K = D = the honzontal distance from the 

verticsl oxisof the instrument to Vhe 

staff station P 

HC s=V =«the vertical distance from the 
mstrument axis to the pomt C 
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Through C drsTF a hoe peipendicular to the hue of colhnia- 
hon A'C, cutting A'D and A^B in D' and B' respectively so that 
D'B' IS the projection of the staff intercept DB perpendicular 
to A'C 


It will be seen from the figure that the lines DB and D'B 
are perpendicular to the lines A'K and A'C respectively, and, 
therefore, the angles DCD' and BCB' are each equal to 9. Now 
let the angles DA'C and BA'C be each denoted by p. Then the 
evtenor angle DD'C of the triangle D'A'C = ^ A'CD' 
+ /.D'A'O «90* + ^. 

Also, m the triangle CA'B', /.A'B'C /.B A'C = 90", 

since A'CB' is a right angle Hence /_A'B'C = 90" — /?• 
I e. ZBB'O 90" — ^ 

Since ^ is a very small angle ^tan~'~^, it may be 

neglected, and the angles DD C and BB'C may be assumed to 
be 90". 

D'B' es DB cos 9 s S cos 

If the angles DD'C end BB'C be taken at theur correct 

values, it may be shown that D'B'* S cos 9 — S .tan* fs, 

cos 9 

Now b}’ formula (1), L =*-^DB'+(^+d) 

= /scos5+(/ + d) 

« 


Horizontal distance .\'K 


Vertical distance KC 


= D L cos 9 

— Jis cos®0 + (/ + d) cos fl .. (3) 
=a V = L sm 0 

= — Ssmfl COS0 +(/ + (i)sm 9 

= Zs!^+(/+d,s„d..(4) 

*Dtan0 (4a^ 
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Knowing V, the eleTation of the staff station P may be detemu 
ned as follows 

(а) When the observed vertical angle is an angZtf of eleva 
(ton ( + angle) (Fig 29 ) 

Elevation (or R L ) of the instrument axis 

= elevn of bench mark + backsight 
= elevn of inst station + H I 

Elevation (or R L ) of the staff station P 
= elevn of the inst axis \ — axial reading (ft) (5) 

(б) When the observed vertical angle is an angle of depret- 
$ton (— angle ) ( Fig 31 ) 



F«« 31 


Elevation of the staff station P 

^ elevn of the inst axis — V — amal reading (A) (®) 



Case 111 — When the hne of cMlhmation is melined to the 
-horizontal and the staff is held normal to the line of colhmation. 
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(a) When the vertical angle is an angle of ele^ ation ( -f- angle ) 
(Fig 32 ) — 

Let AC = the line of coUimation inclined at an angle 9 
to the lionzoatal 
DB = S = the staff intercept 
PC = A s=s the axial reading 

Through C draw CC^ honrontal meeting the vertical line 
through P in Cj 

CPCj = CA K = fl so that CCi — PC sm CPCj = h sm 9 
and PCj = PC cos CPCj = k cos 9 

Now the distance along the line of coUimation 

= L=ls +(/+<() 

The horizontal distance D = L cos 9 4* KPj = L cos • + A sm 9 
since KPi =a CCi = A sm 9 

D aa — S cos ff + (/+ d) cos + A SlD 9 (7) 

1 

The vertical distance V = L sin 9 

e= ^ S sin ff + (/ + d ) sm 9 (8) 

Elevation ( or R L ) of the staff station P 
= elevn of the instrument axis + V — A cos 9 (9) 
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(b) When the vertical angle is an angle of depression 
(—angle ) ; — KPi has to be subtracted from L cos $ to obtain 
the horizontal distance D as is evident from the Fjg. 83 

D s= — s cos 8 +(/+<!) cos e — ft sm 8 (10) 

t 

The expression fur the vertical distance V is the satneas (8) 
Elevation (or R. L. ) of the staff station P 

= elevn. of the inst. axis — V — A cos 6 ... (11) 

^Vben 9 IS small, ft srn 6 may be neglected and ft cos t taken 
equal to ft. 

Subtense Method ( Movable Hair Method) ; — In this 
method the instniments used arc (1) a subtense theodolite and 
(2) a staff provided with two vanes or targets at some known 
distance apart, usually 8 to 6 m 
A third vane is fixed exactly 
midway for leveUing purposes The 
subtense theodolite ( Fig. 34 ) is 
equipped with a diaphragm, the 
axial wire of which is fixed m the 
optical axis of the telescope and 
the other two wires can be moved 
from the axial wire by means of 
two finely threaded micrometer 
screws so as to intercept the 
distance between the targets. The 
distance through which either 
wire 15 moved from the middle 
one IS measured by the number 
of turns made by the micrometer 
screw, the whole turns bemg read 
on the comb (scale) seen in field 
of \iewand the fractional parts of a 
turn on the graduated drums of the micrometer screws, which are 
placed one above and one below the eyepiece Thus the distance 
through which, the stadia wires are moved is given by the sum of 
the micrometer readmgs It may be observed that in this 
method the staff mtercept (S) is constant and the stadia interval 
IS vanahle. 



Fig 34 
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In observing with the instrument, the middle vane or tar* 
get IS first bisected with the axial wire and the micrometer 
screws are then simultaneously turned to move the stadia wires 

When the Ime of sight is horizontal the horizontal distance 

D IS given by D == (12) 

n 

m which K and (/ + d ) are the constants of the mstrument, and 
n the sum of the micrometer readings 

The value of K vanes from 600 to 1000 If there is an mdex 

error e, D = + (/+d ) (12a) 

n —e 

When the Ime of sight is inchned the formulae 8 to 11 
may be used in making the necessary calculations 

Reduction of Stadia Notes —In practice, the horizontal 
and vertical distances are not calculated by the direct apph* 
eation of formuls, since it is laborious But they are found 
by the use of (i) stadia tables, (u) stadia diagrams, or (lu) stadia 
slide rule The reduction work is also greatly facihtated by 
the use of an mstrument fitted with a Beaman stadia arc, or 
the direct readmg tacheometCT In stadia tables the values of 
cos*e and } sm 2d for various values of 9 are given in columns 
headed as Hor Dist , and Diff Elev for each metre of staff inter- 
cept when ^ 100 The values of (/ + d) cosd and (/+d) sind 

1 

for a few values of / + d ate also given for each degree of 
vertical angle at the bottom of the columns Thus, suppose 
the vertical angle is + 3* 20 , and staff intercept 1 75 m From 
the tables, the values of cos* 3® 20 and J sm 6® 40 are found to 
be 99 66 and 5 80, and those of (/ + d) cos 3® and (/ + d) sm 3®, 
0 80 and 0 018 for / + d = 030 Then the horizontal distance 
I) = 99-66 XI 75 + 0 30 = 174 7 ft and the vertical distance 
V = 5 80 X 1 75 -t- 0 018 = 10 17 m 

The Beaman Stadia Arc (Fig 85) — It is a mechanical 
device fitted to the vertical circle of a theodohte or to the tele- 
scopic alidade of a plane table It enables the surveyor to reduce 
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rapidly an inclined stadia distance (L) to the correspond, nc 
■ honaontal distance (D) and the vertical 

component ( V ) ( difference in elevation ) 
measuring vertical angles and 
without intricate calculations, or without 
the use of tables, diagrams, or stadia slide 
rule It consists of two scales { l ) The 
verbcal scale marked V m the figure and 
( 2 ) the honiontal scale marked H The 
— graduations on the vertical scale are 
figured by whole rumbers in terms of 
100 X i sm 2® When the telescope is 
honiontal the index I is opposite the zero 
graduation The horizontal scale gives the 
percentage corrections to be deducted from 

the observed stadia distance s ^ 

Method of xue to determine the veHieal 
ment (V) -(1) Set up the mstru 

^dnation oi^ 'h: vertical " A 

plus roadmg indicates elevation ^ 

( 3 ) Obser\e tfi« j » ? * minus readmg depression 

Multiply the .tadia mf O” ‘te staff (1) 

This iiL the v^'r T '•y ''“e number reading 

t e staff point = elevation of mst axis ± V 
— central wire reading 
the veS‘°Ll7tX“ ' '"T’ 

“ V ■ - - f-™ J s: rra^-tofs/ 

Elevation of the staff point = loi S5 + 29 00 - 2 05 



= 131 80 
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To determine Ihe honzonUd dtstanee ( D ) ; — ( 1 ) Read the 
horiiontal scale simultaneously as the vertical scale is read, and 
note the reading by means of the same index I ( 2 ) Multiply 
the stadia intercept by the reading obtained in ( 1 ) This 
gives the correction to be subtracted from the distance (100 S) 
obtained from the stadia intercept. (3) Add the value of the 
additive constant (/ + d) to this computed distance. The 
result gives the honzontal distance ( D ). 

It may be noted that observations with the Beaman stadia 
arc do not include the effect of the additive constant (/ + d ). 

Illustration : — Suppose the horizontal scale reading = 4 
and the stadia intercept =1 *45 m;/ + di=a0 30 

Then the correction =» 4 x 1 *45 = 5 *80 ( — ve ). 

The horizontal distance {D)= 145 — 5*80+ 0 30= 130 50m. 

In another form of the Beaman stadia arc (Fig 85) the zero 
graduation of the vertical scale is 
marked 50 instead of zero so that 
when the telescope is honzontal the 
index I IS opposite 50. Therefore, 50 
must be subtracted from every readmg. 
IVhen the telescope is elevated, the 
vertical scale reading is greater than 
50 ( a plus reading mdicatmg eleva- 
tion). while it IS less than 50 when 
the telescope is depressed ( a mmus 
reading indicating depression ). Then 
the vertical component (V) = stadia 
intercept x (stadia arc reading — 50). 

Direct'Readmg or Auto Reduction 
(Self-Reducing) Tacheometers •— 
These instruments are so designed 
that the values of the honzontal 
distance (D) and the vertical compo- 
nent (V) may be read directly on the 
staff without measuring vertical angles. 

There are three types of these instruments used in practice. 
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The Jeffco tt Direct-Reading Tacheome ter —In this instru- 
ment the diaphragm carries three points or pointers (Fig S7) by 



Fig 37 


means of which staff readings are taken Of these three points, 
the middle one is fixed and the other two are movable They 
are actuated by a system of cams and levers, and are automa- 
tically set as the telescope is elevated or depressed The right- 
hand movable pointer is called the distance pointer, and the 
staff intercept between the fixed pointer and the distance pointer 
multipbed by 100 gives the horizontal distance ( H }» the tele- 
scope of instrument being anallatic The left-hand movable pointer 
18 called the height pointer, and the staff intercept between the 
fixed pointer and the left hand pointer midtiphed by 10 gives 
the vertical component ( V ) The staff readings are taken by first 
setting the fixed pointer at a metre or decimetre mark and then 
reading the other two pointers Suppose the readings are 1 65) 
1 20,0 84 Then the horizontal distance {D)s= 100 (1 65-1 20 
>=: 45 m and the vertical component ( V ) » 10 ( 1 20— 0 S4 ) 
-f 3 6 m. It mav be noted that the left band pointer moves 
upwards ftcoi the fixed poiuter for angles of elevabon, while 
it moves downwards for angles of depression 

The Szepessy Direct-Reading Tacbeometer — In thi? 
instrument a scale of tangents of vertical angles is engraved on 
a glass arc which is fixed to the vertical circle cover By means 



Fig 33 

of pnsms the scale is brought into the field of view of the eye 
piece, and when the staff is sighted, the image of the staff is seen 
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alongside that of the scale ( Fig 38 ) It is graduated to 0 005 
and numbered at every 0 01 Thus the graduation 12 corres* 
ponds to the angle whose tangent is equal to 0 12 

To read the staff, ( i ) bring a numbered division, say, 16, 
opposite the horizontal cross hair by means of the vertical 
circle tangent screw. Note the staff reading at this division 
(axial hair reading ) (w) Read the staff intercept between 

the short 0 003 divisions immediately above and below the num 
bered division. This intercept multiplied by 100 gives the hori 
zontal distance D, ivhile the lertieal component ( V ) is obtained 
by multipljnng the mtercept by thenumber marking the division 
brought opposite the horizontal cross hair Suppose the staff 
intercept is 0 72 and the number is 36 Then the horizontal 
distance ( D ) is 72 m and the vertical component equals 
0 72 X 16 = 11 o2 m 

The AutOTcducCion Tacheometer (Hammer-Fennel) — 
This instrument is p^o^ ideJ with a special auto reduction device 
In the field of view are seen four curves marked bv the letters 
N, E, D, and ^ The N curve is the zero cun e , the E curve 
IS for readmg distance the D curve is to be used for angles upto 
± 14®, while the d cur\e iS to be used for angles upto ± 47® 
The curves D and d are marked + for angles of elevation, and 
— for angles of depression The multiplying constant for the 
distance curve is 100 that for the height curve (D) is 10, 
while for the height curve (d), it is 20 

To take a reading the zero (N) curve is made to bisect the 
specially marked zero point of the staff bv bringing the per- 
pmdiculai edge of the p~ism«vto line with the staff The staff 
readings are taken with the distance curv e and the height curve 
The distance curve reading multiplied bv lOO gives the hori 
zontal distance D while the height curve reading multiplied 
by the corresponding multipljing constant gives the vertical 
component V. 
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Tangential Method -—The , , 

J-iie method is used when the tele. 

scope IS not fitted with 
a stadia diaphragm. The 
horizontal and vertical 
distances of the staff 
station from the mstni- 
ment station may be 
computed from observa- 
tions taken to two vanes 
or targets on the staff 
at a known distance (S) 
apart, usually 3 m. 



Fig. 39 


p - apart, usually 3 m. 

A = the iQstrument station. 

A » the position of the instrument axis. 

* the staff station. 


BA'K 

CA'K 


Then 


BC 

KC 


ATC 


PC 


BK 

CK 


the vert.ce) angle lo the upper vane. 

j ” ” lower vane. 

= the distance between the vanes. 

= the vertical distance from the mstm- 
mcnt aj,s to the lower vane. 

■the homontal distance from the 
inswent station A to the staff 
Station P. 

■the he,gbt„,u,^ lower vane above the 
foot of the staff. 

A-K tan BA-K = Dtan<,. 

AK tan CA'K-Dtan^,. 

— D ( tan .< j — tan < ^ ) 

S C 

“ OW cos 

( *<1 — ■<*) 

Scos sin c<f 

•Cs) sm ( < 7 j 


— v+s = 

— V 


{tan — Ian .< 

V = D tan •< j = S tan < 

(tan i<j — 

Elevation of the staff station P 
= elevn of the instrument axis -J- y _ ^ 


(18) 
r a*) 


... ( 15 ) 
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Case II — ^^^len both the observed angles are angles of 
depression (Fig 40) 



Fig 40 

As before, V = D tan «< a and V — S = D tan < ^ 

S = D ( tan — tan i) 
rv S S cos «<, cos 

( tan *< j — tan *<i ) sm(»<i— < 1 ) 


(16) 


V»D tan •<! 


S tan •< t _ S cos s m < t 
( tan •<. — tan «<, ) sin(«<,— Kj) 


Elevation of the staff station P 
« elevn of the instrument axis — V — A 


(17) 

(18) 


Case HI — When one of the observed angles is an angle 
of elevation and the other an angle of depression (Fig 41) 



Fig 41 


Let <1 be the plus angle and «<, the mmus one 
Now V = D tan •< j , S — V = D tan «< 1 
S = D ( tan •<! + tan <,) 


_S cos •<! cos «<g 


V = D tan < 3 — 


(tan Kj+tan <*) sm ( + Kj) 

S tan €<3 S cos Kjsm *<3 

(tan K j +tan «<•) sm(»<i-f ^j) 


Elevation of the staff station P 
s Elevn of the instrument axis — V — A 


( 19 ) 

( 20 ) 

( 21 ) 
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The disadvantages of the tangential method are ( i ) two 
vertical angles have to be observed (u) the instrument may 
be disturbed between the two observations, ( m ) change m 
the atmospheric refraction may occur during the mtervaJ, and 
{iv) It lacks speed, and readings are not easily reduced 

The amount of calculabon work is practically the same 
in both the tangential and stadia methods However, the tan 
gential method is considered inferior to the stadia method and 
IS not in common nse In general tire stadia method (fixed 
hair method ) with the staff held veiticidly is the most commonly 
used method of tacheometry 

Holding the Staff (or Rod) —There are two ways of holding 
the staff m stadia method \iz (i) vertical holding, and (ii) 
normal holding 

(i) Vertical Holding — Tlie staff must be held trulj vertical 
In ordinary work the verticality of the staff is judged bv eye, 
but m important work it is determined by suspending a plumb line, 
os by means of a folding circular bubble (Fig 42} attached to the 



rear side of the staff and perpendicular to it so that the staff is 
vertical when the bubble is central Since the error due to non 
verticahty of the staff is much more senous with large \ ertical 
angles than with small ones great care should be taken to ensure 
that the staff is held qmte plumb when the vertical angles are 
large as in rough ground 

(u} Normal Holding — staff is held normal i e at 
right angles to the line of sight its direction bemg judged by 
the staffman by sighting the instrument with the help of a pair 
of open sights called the staff director, or by means of a small 
telescope fixed at right angles to the side of the staff The advan 
tages of normal bolding are ( i ) the accuracy of the direction of 
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the staff can also be judged by the transitman who can see 
the staff director through the telescope, (u) the staff can be 
swung in high wind, and (ui) the errors caused in the distances 
and elevations due to the error in the direction of the staff are 
less serious m the case of normal holding than those due to the 
same amount of error in the direction m the case of vertical 
holding 

In general, however the method of holding the staff verti- 
cally is most commonly adopted for the following reasons 

( 1 ) Ease with which the staff can be held plumb ( 2 ) 
Since the formulas for the liorizontal and vertical distances are 
simpler, reduction of stadia notes is less laborious and greatly 
simplified by the use of stadia tables (3) The ^ erticality of the 
staff can be ensured by the use of a plumb line or circular bubble 

Reading the Staff — There are three methods of taking 
stadia readings ( 1 ) Sight the staff, and raise or depress the 
telescope by means of the \ertieal tangent screw until one of the 
stadia wires (usually the apparent lower one) strikes some conven- 
ient graduation on the staff Read the other wire The differ 
ence between the two readings gives the staff mtercept Read 
the middle wire and the vertical angle to the nearest minute or 
20 seconds By this method mistakes m making deductions 
are avoided and the staff can be read easily 

{ 2 ) Direct the telescope to the staff and clamp it so that 
the wires appear to be suitably placed for readmg Read all 
the wires The difference between the readings of the stadia 
wires gives the staff mtercept Stadia readings may be checked 
by the reading of the middle wire, which is the mean of the 
stadia readings Measure the vertical angle 

( S ) Direct the telescope to the staff and clamp it m a 
suitable position for reading Adjust the vertical cirde to the 
nearest 20 and note the vertical angle Read all the three wires 
By this “ even angle ” method ( ui which vertical angles are 
multiples of 20 ), the trouble of reading vertical angles to the 
nearest minute or 20' is avoided It is easier and quicker to 
lay off an even angle on the circle than to read a vertical angle 
to the nearest 1' or 20' 
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Limiting Length of Sight — The length of sight depends 
upon ( 1 ) the magnifying power of the telescope, { ii ) the fine* 
ness of the stadia wires, ( iii ) the graduations of the staff, ( iv ) 
the atmospheric conditions, and ( v ) the accuracy desired Wth 
an ordinary instrument and under average atmosphenc con- 
ditions, sights upto 120 m may be taken with an error not 
exceeding 1 in 400 With high grade instruments and under 
favourable atmosphenc conditions, sights up to 200 ra may 
be taken with an error less than 1 in 1600 

Field Work 

Tacheomelnc Survey — A tacheometric survey is mainly 
conducted for contouring and filling m detail It is conducted 
by running (i) a traverse open (unclosed) or closed, depending 
upon the area to be surveyed, and (ii) locating the reqiured detail 
from the traverse stations When the ares is narrow, an open 
traverse is run approximately along the centre line of the strip 
as in route surveys When it is broad, a closed traverse is run 
When the area is very extensne as m the case of a proposed 
reservoir stations are arranged so as to form triangles, and 
polygons with central stations, from which the topographical 
detail may he surveyed, or alternatively, a senes of tra^ erses are 
run to cmer the whole area Tacheometer stations should be 
so selected that they will command a clear view of the area 
to be surveyed lying within the range of observation, and that 
the use of large % ertical angles is obviated 

Equipment — ( i ) A tadvcoroelcr, ( « ) a levelling staff or 
stadia rod, ( ui } a tape, ( iv ) ranging tods, etc 

Field Party — The party compnses 

( 1 ) The surveyor who superuitends all operations, selects 
stations, directs staffmen to different staff stations, and prepares 
a sketch showing the positions of stations, contours, etc 

( 2 ) The instrument man who is responsible for the actual 

( 3 ) The recorder who assists the instrument man and 
records the observations m the fidd book. 

( 4 ) Three or more staffmoi. 
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( 6 ) Two or more axemen for cleanng 

( 6 ) A draughtsman if the survey is to be plotted in the 

field 

Procedure • — ^The survey should be conducted m the 
following steps — 

( 1 ) Set up the instrument over the station which has 
been selected by the surveyor Centre and level it accurately 
The instrument should be levelled first with reference to the 
plate levels and then with reference to the altitude level 

( 2 ) With the vertical vermet set to zero and the altitude 
bubble central, measure the height of instrument ( H I ), i e 
the vertical distance from the top of the peg to the centre of the 
object glass with a tape or stadia rod read through the object 
glass 

( 3 ) The mstrument should be correctly oriented at the 
first station of a traverse If the reference mendian is a true 
mendian and the true bearing of some other station or 
reference object with reference to the first station is known the 
instrument is oriented bv settmg one of the verniers to read this 
bearing and turning the telescope about the outer axis until 
the station is bisected On the other hand if the reference 
mendian is a magnetic mendian it is oriented by settmg one of 
the vermers to zero and rotating the instrument about the outer 
axis until the compass needle points towards north 

( 4 ) Sight the staff held on the nearest bench mark with 
the Ime of sight horizontal or inclined as the case maj be 
Observe (i) the vertical angle, (u) the bearing and (lu) the staff 
readmgs of the three hairs { top, axial, and bottom ) If the 
bench mark is not nearby, flying levels may be run from the 
B M to establish one near the area of the survey 

\ S ^ 'Locate a!i tiie TcpieseiAaftive -points arocmfi ttie station 
and within the range of the instrument by takmg observations 
to those points At each point ( staff station ), the observations 
required for its complete location should mclude (i) the beanng, 
(u) the vertical angle, and (lu) the staff readings of the thr« 
wires, the observations to the staff points ( or stations ) bemo 
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known as Bide shots The beanngs should be taken to the 
nearest 5', and the vertical angles read to the nearest 1' Obserta- 
tions to the staff stations can be taken more easily and quickly, 
if the staff stations are placed on the radial lines through the 
station, the angular interval being, say, 15“ or SO® 

(6) Take a foresight on the second tTa\ctse station and 
determine (i) the bearing, (u) the vertical angle, and (m) the 
staff readings of the three wires In taking the bearing, a ranging 
rod should be held over the station and bisected, or the edge of 
the staff may he bisected 

(7) Transfer the in«trument to the second station Centre 
and level it 

(8) Measure tins height of the instrument ( H. I ) as b*fore 

(9) Sight the staff held on the first station ( backsight 
on the first station) Observe (i) the bearing (ii) the vertical 
angle, and (in) the staff readings of the three wires Since 
each station is sighted twice, we obtain two values for the distance 
and elevation of each station If they agree within the liimts of 
accuracy, the average of the two values may be taken as the value 
for the distance and elevation of the station If not, work should 
be repeated 

(10) Locate all the points around the second station and 
within the range of the instrument as described above 

(11) Take a foresight on the third station and take the 
necessary observations 

(12) Proceed similarly at each of the successive stations 
The tacheometnc traverse isusually runhy the/orf needle method 

Form of Field Book — The field notes may be recorded 
in the following form 


Instrameat 

etation 

j Heigtit of j 
1 imtromeDt 1 

Staff 

station. 

1 jv c j 

1 Vertital 1 
Angle j 

Stadia Hair Beading 
Top j Bottom 




1 

1 

1 

1 

i 
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Stadia j 
Intercept 

i 

lAnal Hair 

1 Keadiog 

Horuontal 

Vertical 

Eednced Level 


Distance 

D 

Distance 

V 

Inatra j 
mentans 

1 Bemarks 


I 

1 


1 

1 

j 1 



Errors in Stadia Surveying — ^The sources of error in 
stadia measurements may be listed as follows — 

(I) Instrumental Errors — Errors due to (i) imperfect 
adjustment of tacheometer To eliminate this error, the instni 
ment should be carefully adjusted particular attention being 
paid to the adjustment of the altitude bubble (u) erroneous 
divisions on the stadia rod To miiumise this error the rod 
should be standardised and corrections for erroneous length 
applied to the observed stadia intervals In ordinary work 
tlus error is negligible (m) incorrect value of the multiplying 

constant This is the most important source of error because 

I 

of its cumulative effect For accurate work, its value should 
be tested before commencing work by comparing stadia distances 
with measured distances during the hours which correspond to 
those of field observations 

(II) Errors of Manipulation and Sighting — Xhe\ 
include errors due to 

(i) Inaccurate centering and levelling of the instrument 

(ii) Non vertieality of the staff or rod If the rod is not 
held truly verticallj, the errors of horizontal distance and 
elevation vary with the magmtude of the observed vertical 
angles the errors being smaller for small vertical angles and 
greater for large vertical angles It may be elumnated by using 
a plumb line or a small circular spirit lewl 

( m ) Inaccurate estunation of the stadia mtercepl 
Accurate reading is possible only when the rod can be clearly 
seen For this reason focussmg should be done properly so as 
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«lF3a«5.= 

:i===r5Sr.3S 

(III) Errors Due to Natural Causes Tu , 
errors due to i-auses —They comprise 

since the Ld oannot'LTpl ™'‘’ 

within 1 m of th« trr a u* stratum of atr 

above it rays of brhl oZ'* ““.a® 

consequently, the staff mtem„l^“^L‘‘ 

It should be To Ivfd -s less than whet 

bouts readings requiring the hZ°%^° “a* “id-day 

of the ground When^he .. n! ^ ■"‘‘bin I m 

reading ® ** upper half 

the insWe^rsrrlldT"™!.’''''" “ “ ’■« ““ 

ent should always be protected by en umbrella 

coming from tte ™roni‘^d.,eet,on“"^ 

Precision of Stadia Surveying - 

1 m 500 and the^^erm^^* bwzontal distance should not exceed 
distance should uot be 

f3T°T '™' “ * ■" ''"> *» 1 ®“ 

in which M =“theton“,°”b,„,;,,^ 08 v® to 0 25 VM m 

0 055 VT Tm wtabP “ to™™ should not be greater than 
the perimeter of the traverse in m 
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Example 1 — A tacheometer was set up at a station A 
and the following readings were obtained on a vertically held 
staff — 


Station 

Staff station. 

Vertical 

Angle 

Hau 

leadings 

Remarks. 

P 

B M 1 

: -4* 22 

' 1 050 1 

1 103 1 156 

R L ofB M. 


Q 

j +10" O' 

0 do2 

1 055 1 158 

I •= 1958 300 


The constants of the instrument were 100 and 0 1 
Find the horizontal distance from P to Q and the rednced 
level of Q 

The horizontal distance to the staff station and the verhcal 
distance of the axial reading above or below the mst ans may be 
obtained by 

D = S cos*fl + {/ + d) cos 9 

t 

and V SB jL. S + (/ + d ) sin respectively 

t 2 

X= 100anil/ + !i = 0 1 
1 

First observation — 

Sj =s 1 156 — 1 OoO = 0 106 = — 4“ 22 

V, =3 100 XO 106 ^ + 0 1 X sin 4® 22 = 812 m 

2 

Second observation — 

Sj s= 1 158 — 0 952 = 0 206 , fl, « + 10“ 

Vj = 100 X 0 206 + 0 1 sin 10“ = 0 354 m 

D, =s 100 X 0 206 cos* 10“ + 0 1 cos 10“ = 20 078 m 
bow R L of mst axis =* R L of B M + backsight + Vj 

»= 1958 300 +1 103 +0 812= 1960 215 
R L of Q =1960 21S +0 854 —1 055=1959 514 
Distance PQ = 20 078 m 
s I. n-4 
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Example 2 — To detenmoe the elevation of the first 
station A of a tacheometnc survey, the foUowing observations 
were made, the staff being held vertically The instrument was 
fitted with an anallstic lens and the value of the constant was 100 


Inat 

atatioQ 

j Height of 

1 instminent 

I Staff 1 
station 1 

lYerticat 

Staff readings ^ 

Remarks. 

O 

1 1 440 

{ B M 1 

-5*40 1 

1 332, 1 696 2 460 

1 

R L of B U 

.. 

1 440 

1 C P I 

+ 8*20 

0 780, I 263 1 746 

' =158 20a 

A 

1 380 

1 C P 

-6*24 

1 158 1 617 2 076 

1 


Calculate the reduced level of A. 


Since the instrument was fitted with anallatic lens, the 
additive constant (/+rf)s=0 The multiplying constant 

( 4 ) =100 

Vertical distance of the axial reading above or below the 
lost axis — 

Vj = 100(2 460- I S32) “ — « 11 062 m 

V, 100 (1 746- 0 7£0)i— — — az 18 854 in 
2 

V, =*100(2 076- I =» 10 170 m 

2 

Now H L of inst axis at O = R I. of B M +axial reading + Vj 
= 158 205+1890+11 082=171 183 
E. L of C P = R L of mst axis + Vj — axial 

readmg 

«= 171 183+13 854—1 263=188 774 
R L of inst axis atA=RIjofCP + axial reading + V* 
*= 183 774 +1 617 +10 170 =195 561 
.% R L ofA RL of inst axis at A— AT of mst 

« 195 561 — 1 380 = 194 181 
Example 3 — The following notes refer to a Ime levelled 
tacbeometncally with an anallatic tacheometer, the multiply- 
ing constant being 100 
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Inst. 

statioo. 

Height 1 
oCaxis 

Staff 

station 

Vertical 1 
A.ngle. 1 

Hair readings | 

Bemarks. 

P 

1 60 

B H 

— 6" 12' 

0 963, 1 51S, 2 Oeij 

RLofB.M. 

P 

1.50 

Q 

+ r 5' 

0 819, 1 341, 1-663 

=460-660 

Q 

1 60 

B 

+ 12*27' 

1 860, 2 445. 3-030 

Staff lieing 
held Tcrtioally. 


Compute the reduced levels of P, Q, and R, and the horizontal 
distances FQ and QR. 


(i) Distance to the staff station ; — By D = — S cos* 9. 

t 

Staff mtercept = (1 -863 — 0-819) =* 1 -Ol^; 9 =» 7® 5'. 

PQ = 100 Xl‘044. cos*?"* 6' » 102.84 m. 

Staff intercept « 3 03 - 1 86 =1-17; ^ =12*27'. 

QR = 100 X 1 17 cos* 12® 27' = 111 -54 m. 

(u) Vertical distance of the axial reading above or below the 
inst. axis j— = i- S 

i 2 

S, =(2-067~0-S63)»l 104, 9 = — 6® 12‘. 

Vi =100 X 1-104 = 11-853 m. 

2 

Si =<1-863 -0 819) =1 044; e = r" 5'. 

Vi =100 X 1-044 =12 777 m 

S 

s, =.3 03 - 1-86 = 1 17, « =12® 27'. 

V, =100 XI 17 = 24-630 m. 

2 

Whence, R. L of the inst. axis at P 
= 460-650 + 1*515 +11-8B3 
R. L. of P = 474-048 - 1 500 
R.L. of Q =474-048 + 12*777 — 1-341 
R. L. of mst. axis at Q = 485*484 + 1-500 
R.L. of R= 486-984 +24*636 —2*445 


= 474-048. 
= 472-548. 
= 485-484. 
= 486-984. 
= 509*175. 
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Example 4: — ^The following is the data relative to obsem* 
tions made on a vertically held staff with a tacheometer fitted 
with an anallatic lens. The constant of the instrument was 100. 


itabon. 

1 Et of Staff 1 
j ave. Etabos | 

1 W.CB j 

1 Tcrbcal i 
■4ngle 1 

Bair readings. 

) Bemarki 

° 

1 1 GG I A 1 

12» 25' 

1 0* O' 

1 88. 2 25, 2 62 

I R L.of0 


1 I B 1 
1 1 

60* 45 

j + I5"IO' 

1 83, 2 15. 2 47 

o 130 25 


Calculate the distance AB, and the reduced levels of A and B. 
(i) Distance to the staff station t — By D ibsJL. S cos* tf- 


OA « 100 (2-62— 1-88) cos* 0 «74in. 

OB — 100 (2-47 — 1*83) cos* 15*10’ -» 59 *62 m. 

(b) Vertical distance of the axial reading above the hut. 
axis 

By V=Zs5!f-il. 

♦ 2 

Vi *=0 and Vj = 100 ( 2 47 — 1 -83 ) -tl6'l5ni. 

(ui) Angle subtended at O by AB • — 

/.AOB bearing of OB — bearing of OA 
= 60® 45' — 12“' 25' = 48® 20', 

(iv) Distance AB : — 

Id the ^ AOB, OA = 74 m ; OB »= S9-62m ; and 
^AOB = 48® 20'. 

AB = (69 62)» — 2 X 74 X 50-62 cos 48* 20'- 

= V 3166 =56«27 m. 

Now R. X. of inst. axis at O =130*25 -i- 1*56= 181*81. 

R.L.ofA = 131*81 — 2*25 = 129*56. 

and R.LofB = 129*56 + 16*15 -2*l5 

= 143*56 

Example 5 : — To determine the distance between two 
points C and D, and their elevations, the following observations 
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{ V ) licngth of CD 

Difference betTreen norlb co-ordinates of C and D 
= 1143*22 — 1040-55 =* -f- 102 87 
Difference between east co-otdioates of C and D 
« 3050 63 — 2101-45 « + 949-18 
. Latitndeof CD 102-87 and departure of CDs='f949-18 
Hence length of CD = V (102 87)* + (949-18)* =954 73 m. 
or length of CD =* 949-18 cosec < 

where .c =* R. B of CD = tan"* =*83* 49'. 

102-87 

=» 949*18 cosee 83* 49' 
a=:954 75 ra. 

( vi ) Vertical distance of the axial reading above inst. axis— 
By V ■* Xs sin 29 

i 

V, = 100 (1-23) = 87-6 m. 

V, = 100(1-U) =. 27.17 m. 

(vu) Reduced levels of C and D 

R. L. of inst. axis at A = 1825*60 + 1-56 = 1827*15 
R.L. ofC' = 1827-16 -f 87-60 — 1*89 

=■ 1862-87. 

(vni) R L. of inst. axis at B = 1828*45 + 4*50 “ *95 

RLofD = 1829*95 -b 27-17 — 2*10 

= 1855-02. 

( IS ) Gradient of CD . — 

Difference m eleratioo between 0 and D 
= 1862*87 — 1855*02 « ~ 7 85 m. 

The fall is from C to D. 

Gradient from C to D = .13— » 1 m 82*5 ( falling )• 

954 75 

Example 6 To determine the constant multipber of a 
tacheometer, the following observations were taken on a staff 
held vertically at distances measured from the instrument. 
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ObKirations 

Honzontal dist 
anoe in m 

j Vertical Angle 

Stadia readings 

1 

60 

0* 0 

0 835 1 425 

2 

120 

1* 15 

1 140 2 345 

3 

180 

1*40' 

1 240 2 990 


Find the mean value of the constant, given that the additive 
constant was 0 25 m 

Substituting the observed values in formula 
D = S cos*« + (/ + d ) cose, we have 

t 

eo = (1 425-0 885)X + 0 25 = 0 59 X + 0 25 (1) 

* 4 

120 =(2-845-1 140) jL cos' 1° 15 0 25 cos 1“ 15' 

t 

= 1 204 + 0 25 .. ( 2 > 

« 

180 s= (2 988—1 260) -I- cos* 1° 40 +0 25 cos 1® 40' 

t 

= 1 748 + 0 25 ( 8 ) 

1 

On solving the equations 1 to 4, we 

(1) -^=101*8, (2).£-=a99 47; (8)-^»=102 9 

t t t 

The mean of these values gives the required value of the 

constant L = (101 '3 + 99.47+102 9 ) ^ 

t 3 
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Example 7 — A staff was held vertically at distances of 
45 m and 120 m from the centre of a theodolite fitted with 
stadia hairs and the staff intercepts with the telescope horizontal 
were 0 447 m and 1 193 m respectively The instrument was 
thea set over a. station P ot R I» SCO 25, and the hsigbt of tfea 
mstniment was 1 45 m The hair readings on a staff hdd 
vertically at stations Q were 1 20 1 93 and 2 68 m while the 
vertical angle was — 9^ 30 Find the distance PQ and the 
R L. of Q 

( 1 ) The constants of the instrument by equation 
Dsa ^f+{/+d)are 

t 

45 -o«r £ +(/+</) 

120- 1 193 j!L +(/ + li) 

The solutioD of these two equetioos gives — — 100 5 sod 
</+ci)=0 10 

(u) Stadia intetoept « 2 66 — 1 20 =» 1 46 m angle of 
depression = 9* 30 

The horizontal distance PQ by equation 
D = ^ S cos* a + (/ + d ) cos 9 

= 100 5 X 1 46 cos* O'* 80 4-0 1 cos 9’ 30 = 142 l7 IQ 

(ui) The vertical distance (V) of the axial hair reading 

the lost, axis by equationVa* ^ S sin 9 cos 9 +(/ + d) sin 9 

1 

= 100 5 X 1 46 X le-^S + 0 1 X 1650 « 23 89 + 0 02 
==>28 91 

(it) R L of iDst axis » 500 25 + 1 45 « 501 70 

R L. of Q s= 501 "0 —23 91 — 1 93 ^ 4T5 86 
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Example 8 : — Two obseirations were taken upon a verti- 
cal staff by means of a theodolite, the reduced level of its trunnion 
axis being 160*50. In the case of the first, the angle of elevation 
was 4° 36' and the staff reading 0 *75. In the case of second 
observation, the staff reading was 3 *45 and the angle of ele- 
vation 6® 48'. Calculate the reduced level of the staff station 
and its distance from the instrument. 


Here S = 3*45 — 0*75 =2 70 m; «<i 
( i ) Honzontal distance * — ^By D = 
^ 2.70 


= 5“ 48'; <2=4'* 36' 

S 

( tan oCi— tan <2) 

= 127 95 m. 


( tan 5* 48' — tan 4 “ 36' ) 

( ii ) Vertical distance of the smaller reading above the 
inst. axis : — By V =» D tan <4. 

V = 127 *95 tan 4 “ 86' = 10 *80 m. 


( hi ) Elevation of staff station * — 

R. L. of inst. axis = 160*95 

R,L. of the staff station = 160*95 + 10*80 — 0*75 -» 170.50 


Example 9:— The stadia intercept read by of a 

tacheometer on a vertically held staff was i*266 and the angle 
of elevation 7® 42'. The constants of the mstnunent were lOO 
and 0.3. Fmd the total number of turns registered on a mova- 
ble hair instrument at the same station, if the intercept on the 
staff held on the same pomt was 1 65, the angle of elevation 
bemg 7® 86'. The constants of this instrument were 1000 and 0 45. 

( 1 ) The honzontal distance from the inst. station to the 
staff station is 

D = is cos* 6 +(/ + d ) cos S 

t 

s=100 X 1*266 cos* 6 + 0 3 cos 7® 42' = 124*65 m. 


( u ) In the second case, the same distance is obtained by 
formula 

D s= of>s*6 +(/ + d) cos 9, 
n 

K«1000; /-i-d*=0*45; 
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D =» ^ COS* 7" 36' + 0 *45 cos 7° 38' = 124*65 

n 


Hence 


= = 13.05. 

( 124-65 — 0-48 ) 


Example 10 : — The foHowiog notes refer to a traverse nio 
by & tacheomcter fitted with an anallattc lens. The constant 
of the instrument -was 100 and the staff was normal. 


Line. 1 

j Bearing. j 

1 Vertical 

1 Angle. 

1 Staff 

j intercept. 

AB 

30* 24' ' 

+ 5“ 6' i 

1-875 

BC 

! 800* 48' 

+ 8*48' 

1-446 

CD ! 

226* 12' j 

— 2*36' 

1-725 


Find the length and bearing of DA 
( I ) The lengths of AB, BC, and CD may be calculated by 


D *» -X. S cos 6, since the staff was held perpendicular to the 

t 

line of sight. The correction, m. ( axial reading X sia 9 ). 
being small, is neglected. 

.*. AB =» 100 X 1-875 cos 5*6' 186-78 m. 

BC =a 100 X 1 446 cos 8* 48' = 144-24 m. 

CD « 100 X 1 -725 cos 2* 36' a= 172-35 m 

( ji ) The reduced bearings of the lines may bo obtains^ 
from their W. C bearings. 

R. B of AB « N. 30* 24' E ; 

R. B of BC = N. 50* 12 ' W. ; 

R B. of CD = S 46* 12' W. 

( 111 ) The latitudes and departures of the hues may now be 
computed by L = Z cos K and D = Z sin X . 

Line AB . Latitude = 186 78 cos 30® 24' s= + 161-10 
Departure = 186-78 sin 80 * 24' =+ 94-53 
Line BC • Latitude = 144-24 cos 59* 12' = + 73-86 
Departure = 144-24 sin 59® 12' = — 123-90 
Line CD : Latitude = 172-85 cos 46* 12' = — 119-31 
Departure = 172-85 sm 46*12' = —124-41 
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( ir ) The latitude and departure of DA may be found from 
the known latitudes and departures of the Unes. 

Since the traverse is a closed one, the algebraic sum of the 
latitudes is equal to zero. Similarly, that of the departures 
equals zero. 

+ 161*10 4- 73-86 —119-31 + L = 0 orL== — 115-65 
and + 94-53— 123-90 —124-41 -f D =0otD =» +153*78 
where L = the latitude of DA, and D = the departure of DA. 


(T) 
of DA. 


Now tan ti = , where «< is the reduced bearing 

iis-e'i 

or *< =s 58* S’. 


From the signs of the latitudes and departures of DA, it is 
evident that it is in the second ( S. £. ) quadrant. 

R, B. of DA= S. 58* 8' E. 

Hence W. C. B. of DA = 180*— 58* 8'« 126*57', 

( vi ) Length of DA « 153 78 cosec 58* 8' = 192.45 m. 
Check i „ ofDA«V(ll6-W)* +(153-78)* 

*= 192-45 m. 


PROBLEMS 


1. Explain the pnnciplea on which vanoos methods of determining di<tnno c 
with the help of a telescope are based and state how each one differs from the 
other. 

A tacheometer fitted with an anallatie lens was used to obserrc the 
following t 

From To Bearing Vertical angle. Hair Beadings. 

C A 320* + la' 0 906, 1 728, 2-550 

C E 60” +10* 0.744, 2.199, 3 654 

The value of the constant was 100 and the staff was held vertically 
Determine the length and gradient of AB. 

(Ana. 323.1 m.{ lin20-35.) 
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2. A tscKeometer is set up st as tstermediat^ point on a trarerse coone AB 
and the following obserrationa are taken on a staff held rerticallj 
Staff station Beann^ Vertical Angle Intercept Axial hair Reading 
A 40=- 3o —4-24 2 172 1 982 

B 220° 33 —5" 12 1 986 1 668 

The instrument is fitted with an anallatic lens and the ronltjplTiiig eons* 
tantialOO Theredncedlerel cifA heinggiren as 330 76, calcnlate the length 
of AB and the reduced lerel of B 

( Ana 412 26 m 261 98 > 

2 The elevation of a point B la to he deteijnined by obserrationa ftom two 
adjacent stations of a taeheonietnc enrvey The staff was held veiticaUj upon 
the point and the instnnient is fitted with an acallatio lens the constant 
of the instnunent being 100 Compute the elevation of the point Pfrom the 
following data taking both the obserratioos as equally trustworthy 
Inst Height of Staff Vertical Staff ElevfltioB of 

Station Axis. Point Angle Headings Station. 

A I 44 P + 5°!2 I 20, 1 91, 2 68 73 23 

B 1 38 P - 6*36 1 66, 2 27, 5 88 93 67 

(Ans 62 90] 

4 AljnewaslevelledtaeheoinetncaDy withataeheometerfitted witbaaanallatio 

lens, the value of the constant being 100 The foUowmg observations weie 
made, the staff having been held vertically 
Snstniment Height Staff Vertical Staff Headings Hemntks 
Station cCasis at Angle H U 

A 1 44 B U - 2° 24 1 20, 1 83, 2 46 37 726 

A 1 44 B e- 4° 36 1 35. 1 82, 2 29 

B 1 41 C + 6* 12 0 72. 1 38, 2 04 

Compute the elevations of A, B, and C 

( Ans 43 42. 50 5T , 64 77 ) 
ff Aa ala temple is ou a nnall hiU adjoining a provincial road With a view 
of determining the distance of the temple and the height of the tower ol 
the temple above its plinth, observations were taken from the centre of the 

road upon verticaHv held staff (a) ontbeplinth of the entrance door of the 
temple and ^ b ) on the top of the tower The tacheometet was fitted with 
an anallatic lens — the constant of the ustrument being 100 
Instrument Height of Staff Station. Vertical Staff Readings 

Station. Instnunent Angle 

Centre of 156in Pbnfbat + 14* 14 1 63,2 10, 2 67 

the rood entrance door 

.. „ Xopofthetower +17* 28 1 26 1 9P.2 54 

Calculate ( 1 ) the distance of the enhance door from the centre of the road 
( 2 ) the height of thetowe abovetheplinth, and ( 3 } the R h ofthepbnth 
of the temple, if the B. I, of toad station be 6o0 74 

{Ans { 1 ) 107 1 m , ( 2 ) 9 63 m (3) 877 26 ) 
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6 Denre aa expression for the distance D of a'vertical staff from a taeheo. 
meter, if the line of sight of the telescope is horizontal How do yon deter, 
mine the constants of a tacheometer t Describe in detail the methods of 
finding distances nsing (i) a fixed intercept and (ii) a Tartable intercept (t7,£ } 

7 What IS a tacheometer 7 State the procednre of determining the constants 
of this mstmment Levels weK earned from a bench mark to the first eta. 
tion A of a tacheometrio survey by tacheometrio observations The instm. 
ment was fitted with an anallatic lens and the value of the constant was 100. 
ThefoUowingobservations were made, the staff* having been held vertically 

Inst Height of Staff Vertical 

Station Axis at Angle Staff Readings 

0 4 8 B M - SMO 4 20 6 42, 8 64 

„ Change + 6 3 65 5 30, 6*93 

Point 

A 5 2 ~ 5* 36 4 15 6 15 8 15 

If the R L of the B hf is 575 45 calculate the B L of the station A 

{V P) 
(Ans.«fi6 23) 

8 Outline tbs taovential method of tacbeometryand dednoe eipresuons for 
both horizontal and vertical distances 

The following read ngs were taken with an anallatic tacheometer The 
value of the constant was 100 and the staff was held vertieallv — 

Inst. Height Staff Vertical Staff readings Remarks 

station of axis station Angle 

A 4 80 B 51 -5* 3 02 5 76, 8 50 R L ofB M 

A 4 80 B +3 24 3 12.5 58, 8 04 <.685 40 

B 4 60 C +6* ITT 2 94. 6 46. 9 93 

Determine the horizontal distances between A, B, and C and also the 
elevations of these three stations. (UP) 

( Ans AB = 490 3 ft , BC= 696 ft 738 bo 767 01 840 76 ) 


+ 4> •»« 



CHAPTER V 

CURVES 


Corve. are usually employed m Imes of commumeafoa 
o in order that the change of 

direction at the intersection of 
the straight lines shaU be gra- 
duaJ. The lines connected by 
the curve are tangential to it 
and are called tangents or 
ftraights The curves are gen- 
erally circular arcs, but para 



Fig i3 


bolie arcs are j erally circular arcs, but para 

(n) Compound, and ( ui^^^v^ 



/ , 1 o . 44 

U1 ijimple Curve — ( p,„ 431 * , 

of a smgle arc connecting two ^ simple cune consists 

( n ) Compound Curve — ( Ti^ 41 1 
consists of two arcs of " compound curve 

.mu uud lymg ae “nr?.?'"'*'”" “ O-' 

ceulres tang on the sumo side of tL cu"™™”™ 

( 111 ) Reverse Curve fFur a-v a 

posed of two arcs of eoual ot. ir“ ^ ^ reverse curve is com 

^reCmus s 'i' 

being on opposite sides of the curv J'^^cbon, their centres 
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Nomenclature of a curve ; — ^A. curve is designated either 
by the angle subtended by a chord of specified length or 
bylthe radius In America standard chord is 100 ft long and 
the cur.e is designated as a 2® cuive or a 6® curve etc. 
In England the radius of the curve expressed in terras 
of feet or chains (Gunter’s) eg a 12 chain curve, a 24- 
chain curve etc The relation between the radius and the 
degree of the curve may be found as follows In India so 
far the standard chord was 100 ft With metric conversion, 
this may be changed to 30 m. 



O, O 

Fig 45 Fig 46. 


Referring to Fig. 46, let R = the radius of a curve in m. 

D = the degree of a curve. 

MN = the chord SO m long 
P = its mid-pomt. 

In the AOMP, OM « R ; MP=> i MN = 15 m.; MOP =^. 

2 

sin — 

2 

■when D is small, sin ^ may be taken approximately equal te 
— in radians 
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180" 


1718 89 , 

“ ■ — g — ( approxunate) 



1719 

D ” 

Notation (or Circular Curve — (Rg 47 )( 1 ) The straight 

lines AB and BC, which are 
connected bj the curve are 
called the tangents or straights 
to the curve 

( 2 ) The point ( B ) at 
which the two tangent lines AB 
and BC intersect is known as 
the point of intersection (PI) 
or the vertex (V) 

(8) If the curve deflects 
the ^ direction of 

If to the left, It is'^Ued a^K llj 

- J.V , 2' 

forwirf’ as the second tangent or 

the strjghts are^caSd Setan touches 

of the curve ( T, ) is called th ( T P ) The beginning 

( T C S“ ( P C ) or the Un 

t ^ ^ ) The end Of the curve (T,) is known as the 

rear tangent ) is known *j. tangent deflects from the 

gent ) IS known as the deflection angle ( 4 ) of the curve 

tangent^ point th^*^**** intersection to the 

( BTi and BT| ) “gent distance or tangent length 
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( 9 ) The line Tj Tj jcdmng the two tangent points 
( Tj and Tj ) is known as the long chord (L) 

( 10 ) The arc TiFTj is called the length of the curve ( I ) 

( 11 ) The mid point F of the arc T^FTj is known as the 
apex or summit of the curve and lies on tlie bisector of the angl« 
of mtersection 

( 12 ) The distance BF from the point of intersection to the 
apex of the curve is called the apex distance or external distance 
( 18 ) The angle T^OTj subtended at the centre of the curve 
by the arc TjFT. is known as the cent~al angle and is equal 
ta the deflection angle { ♦ ) 

( 14 ) The mtercept EF on the line OB between the apex 
( F ) of the curve and the mid point ( E ) of the long chord is 
called the versed sine of the curie 

Elements of Simple Curve — ( Fig 47 ) 

TjBT, + BET, 180* or I + « « 180* (2) 

The angle TiOT, =• 180*- I = # (8) 

Tangent length = BTi =BT, “OTi tan -^= Rtan-^ (4) 

Length of long chord (L) =2T,E = 20Ti sin = 2R (5) 

Length of the curve ( f ) “* length of arc TjFT, 

=3 R X 0 (in radians ) = (6) 

If the curve be designated by the degree of the curve ( D ), 
Length of the curve = 

Apex distance = BF = BO — OF = OT, sec ~ OF 

= R ( sec ^ - 1 ) = R e^ec (7) 

Versed sme of the curve = EF = OF-OE = OF-OTi cos ~ 

s* R — cos = R versme (8) 

2 / 2 
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Methods of Gorve RanginJ -The methods for settm,! 
out eutves may be divided mlo two classes aecordinv to the 
instruments employed — * 

( 1 ) Linear or eliam and tape methods, and (2) Ammlar 
or instrumental methods ° 

( 1 ) Linear methods are those m which the curve is set 
out with a chain and tape only 

( 2 ) Instrumental inethod« are those in which a tlieod> 
lite with or without a ^hain is employed to set out the curve 
Peg Interval —It is the usual practice to fix pegs at equal 
intervals on the curve as along the straight The interval 
^tween the pegs is u=.ually 20 to 30 ra Strictly speabng 
tas inteival must be measured as the arc intercepted 
between them However, as it is necessarily measured along 
be chord the curve consists of a senes of chonJs rather than of 
arcs in other words, the length of the chord is assumed to be 
^ual to that of the arc In order that the difference m length 
wtween the arc and chord may be negligible, the length of the 
chord should not be more than of the radius of the curve 
The length of unit chord (peg 
interval) is, therefore, SO m 
for flat curves, 20 m for shaip 
curves and 10 m or less for 
very sharp curves IVhen the 
cur> e is of a small radius, the 
peg intervals are considered 
to be along the arcs and the 
lengths of the correspondmg 
chords art, calculated to locate 
the pegs 

Location of Tangent 
Points — < Fig 48 ) To locate 
the tangent points Tj and Tj, 

( i ) Ilav fi proceed as follows — 

them so as ^ directions of the tangents produce 

(ill Sf 

measure the theodolite at the intersection point B and 

aoefe « from tL 



Fig 48 
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( 111 ) Calculate the tangent lengths from formula ( 4 ) 

( IV ) Locate Tj by measunng the tangent length backward 
along the rear tangent AB from tiie mtersection point B 

( V ) Similarly, locate Tj by measunng the same distance 
forward along the forward tangent BC from B 

If an angle-measunng instniment is not available, the angle 
of intersection may be found by chain measurements thus 

Set off from B equal distances Bn and Be ( sa} , GO m ) 
along BA and BC Measure ac accurately 


rru oBc I ^ t r. 1 / “ \ 

Then sin = sm = or I = 2 sm-‘ ( ). 

2 2 2Ba \ 2Ba/ 


From (2), 0 = 180®— I « 


V2Ba/ 


Having located the tangent pomts Ti and Tg, their chai* 
nages may be determined The chainage of the first tangent 
point { Tj ) may be obtained by subtracting the tangent length 
from the known chainage of the point of intersection ( B ) The 
chainage of the second tangent point ( Tj ) may be found bv add- 
ing the length of the curve to the chainage of the first tangent 
pomt (Ti) 

In railway and highway work, distances along the centre line 
are contmuously measured from the point of beginning of the Ime, 
and it IS customary to set stakes at an interval of 30 m or 20 m 
(op one cham) on it, the stations so fixed being called full stations, 
and record the distances in chain umts as earned forward from 
the beginning of the line It rarelv happens that the tangent 
pomt will be at a full station, i e its chainage is a whole number 
of chains (in SO m or 20 m units) It is generally a plus station For 
example, let the chainage of Tj be p chains and r links (wntten as 
P + V in 30 m or 20 m units) The chainage of the first pomt on the 
curve will then be p -h 1 chams, and the length of the fiist chord 
1 50 — r or 100 — r Imks(chainage of the first point on the curve — 
chamage of the first tangent point) When the length of a chord is 
less than the length of the unit chord ( i e less than the peg 
interval ) the chord is caUed a sub chord Similarly, there will be 
a sub-chord at the end of the curve Thus the curve usually 
consists «f two sub-chords and a number of unit chords. 
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Ghaiaand Tape (or Linear) Methods of Setting out 
Curves. 

(1) Bj Offsets or Ordinates from the Long Chord - 
I Fig 49 ) 


B 



O 

Fig 49 


Let AB and BC *= the tangents to the ciirve TjBT,. 

Ti and Tj =* the tangent points 
TiTj “s the long chord of length L, 

ED «= Oj, the offset at the midpoint of TiT| 

(the versed sine) 

PQ * 0* the offset at a distance x from E so 

that EP ‘sax 

OTi = OTj — OD = R « the radius of the curve 
The exact formula for the offset at any point on the tong 
chord ma) be denved as foBcms r 

Draw QQ, parallel to T,Tj, meeting ED at Qi Jom OQ 
cutting T^T, in Pi 

Now in the A OTiB, OT. = R , T, E «— , 

2 

OE = OD ~ ED = B - O, 

OTj* = TjE* + 0E= or R* = (“)* + ( R — Oo )*• 




( 9 ) 
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Of the three quantities Oq, L, and R, two quantities L and 
R, or L and Oj are usually known The remaining unknown 
may be calculated from the above formula 
From the A OQQi, OQ» = QQi* + OQi®. 

But OQi = OE + EQi = OE + 0*= (R - Oo) + 0* 

QQi s= X , OQ = R 

R>=a:* + |(R-O.) + 0,j' 

or O* + (R - Oo) « a/R» - «* 

Hence 0* = V R* — «* — (R — Oo ) ( exact ) (10) 

When the radius of the cur\e is large as compared with 
the length of the long chord, the offsets may be calculated from 
the approximate formula, which may be deduced as follows ; 

In this case PQ ( the offset O* at P ) is very nearly equal to 
the radial ordinate QF^ 

Then QPx X 2R = TjP X PT* 

Now TiP = « , TiT, = L PTs = L - it , QPi = O, 

“ *^2R ~ • • (**) 

It must be remembered that in the first case, the distance 
of the point P is measured from the mid point of the long chord, 
while in the second case, it is measured from the first tangent 
point (Ti) 

To set out the curve, (i) divide the long chord into an 
even number of equal parts (ii) Set out the offsets as calculated 
from formula (10) at each of the points of division, thus obtaining 
the required pomts on the curve Since the curve is symmetncal 
along ED, the offsets for the nght half of the curve will be the 
same as those for the left half 

If the offsets are calculated from formula (11), the long 
chord should be divided into a oinvenient number of equal parts 
and the calculated offsets set out at each of the pomts of division 

This method is usually used for setting out short curves, 
e g curves for street kerbs. 
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"When tlie offsets from the long chord TjTj are too long 
to be set out with sufflaent accuracy, the curve may be set out 
from the chords T^D and DT* after the point D is located by 
the calculated offset ED The lengths of TjD and DTj are 

now each equal to 2 R sm ~ The rest of the procedure is the 

same as before 



Fig SO 


(2) By Successive Bisections of Arcs —{Fig 50) Letti 
and Tg be the tangent pouits Join T^Tg and bisect it at £ 

Set out the offset ED (the versed sine) equal to R — cos 


thus determining the pomt D on the curve Jom TiD and DTi 
and bisect them at F and G respectively At F and G set out 

the offsets FH and GK each equal to K ^1 — cos thusobtsm- 


mg two more pomts H and K on the curve By repeating the 
process, set out as many points as are required 


(3) By Offsets from the Tangents — In this method the 
offsets are set out either radially or perpendicular to the tangents 
BA and EC according as the centre (O) of the curve is accessible 
or inaccessible 


(a) By Radxal Offsets — ( Fig 51 ) Let Tj = the first 
tangent point 

EEj = Oj; = the radial offset at E at a distance of s from 
Tx along the tangent AB 

Now m the ^ OTiE OTi=R, TjE =*, OE = OEi+EiE 
= R + 0, Now OE* »= OTj*+ T,E*. 
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(R+0*)* = R» + X*, i.e. O, =V R* 4- ** - R (exact) ... (12) 



Fig 51 Fig Si 

When the radius is large, the offsets may be calculated by the 
approximate formula, which may be deduced as follows : 

ETi* = EEi X ( 2 R + EEj ), 1 e x* = 0* X ( 2 R + Oj ). 
Since 0** 13 \ery small as compared with 2R, it may be 
neglected. 

0**= — (approximate) . (18) 


This formula may also be obtained from the exact one thus : 
Expanding the factor V R* + **♦ we have 

- — + 

2 R* 8 R« 

Neglecting the other terms except the first two, we get 


Oz 


= R ( 1 +-. 


-R 


I +-^) -R= 

. 2R*/ 


2R 


(approximate) 


{b) By offsets perpendicular io the tangents • — ( Fig. 62 ). Let 
EEi be the perpendicular offset at a distance x measured along 
the tangent AB from the tangent pomt so that TjE = x. 
Through E^ draw E^Ej parallel to BT^, meeting OTi at Ej. 
Then EiEa = TiE = x ; TjEg « EEi = ; 

OE 2 = OTi - TjE* = (R - O*). 

Now from the A OEjE*, OEi*= E 1 E 2 S+ OEa® 
i.e.R*=it*4- (R — 0*)* orO*=R — VR —a;* (exact)... (14) 
From which, the corresponding approximate formiila may 
be obtamed by expanding the factor V R*— »*. Thus we have 
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o*=r-r("i- ) 

\ 2R» 8R* / 

Neglecting higher powers of R* we get 

( c* \ r* 

1 — 21 ^/ ^ (approximate) (14) 

Th* method was formerly m common use for railway curves 
To set out the curve, ( i ) locate the tangent points Ti 
and Tj by measuring a distance equal to the tangent length 

Rtan (i) backward along the tangent BA from the point of in 

tersechon (B) and the same distance forward along the tangent BG 
(ii) Jleasure equal distances say, 20 or 30 m along the 
tangent TiB from Tj 

(ui) Set out the offsets calculated from formula (14) or 
(18) perpendicular to TjB at each distance thus obtaining the 
required points on the curve 

(ir) Continue the process until the apex of the curve u 
reached 

(v) Set out the remaining haU of the curve from the stcond 
tangent 

The objections to this method are (i) the pomts so located 
on the curve are not the same distance apart (u) The points 



ftg S3 

located by the offsets calculated hum the approximate formula 
(18) do not he on the cuculat arc, but he on a parahol* ** 
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evident from the expression for the oCTse^^, which is the equation 
of a parabola However, the curve approximates very closely 
to a circle, if the versed sine of the curve is less than one eighth 
of its chord If the curve is set out by offsets calculated from 
the exact formula (14), the points so fixed will be on the circular 
arc. (m) As the distances mcrease, the offsets become too long to 
be set out accurately, the errors of laymg down the perpendicular 
direction and measunng long offsets being necessarily mvolved. 

When the offsets become too long, the central portion of the 
curve may be set out from the third tangent through the 
apex of the curve as shown in Fig 53 When the curve is long, 
a new tangent is set out at 
the sixth point, the first six 
pomts being fixed by offsets 
from the first tangent. The 
next SIX points are then loca* 
ted by offsets from this new 
tangent. A third tangent is 
then set out at the twelfth 
point and the work repeated 
until the end of the curve is 
reached The direction of the 
new tangent at any point may 
be determined as follows Fig 6* 

In Fig 54, let T^B = the first tangent ; K = the pomt on 
the curve at which a new tangent is to be set out. 

JIK*»= 0*= the offset at a distance x from T^ 

N = the pomt of mtersechou of the tangents TiB and KN. 
Jom ON, cutting the chord TiK m L The angles NMK and 
NIJC being each a right angle, the points L, N, M, and K are 
concyclic. TjN X TjM = TjL X TiK. 

T^L = i TiK sad 

TjK* _ TtM« + MK« 

^ 2TjM 2TjM 
Now TiM =ir ; MK « O, 

Whence, TjN (16) 

2x 
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To locate N, measure this distance along the tangent TjB 
from Ti and join NK, which gives the direction of the new 
tangent at K 

(4) By Offsets from Chords Produced — ( Fig 55 ) 



Fi){ S5 

Ut AB « the rear tangent, Ti = the first tangent point 
E. F. G, etc » the successive points on the curve 
T,Ei a= TjE the first chord of length tj 
EF, FG, etc. ^ the successive cliords of lengths 63 etc 
each being equal to the length of unit chord 
— «< in radian =s the angle between the tangent BT, 
and the first chord TjE 
EjE =03= the offset from the tangent BTj 

~ the offset from the preceding chord T|B 
produced 


*t Ti tangent DEF^ at E, meeting the rear tangent 

nlnt nf EE3 = 63 Let be the 

oSfls 1 JIT','*]"” J The formula tor the 

Offsets may be deduced as follows 

arc ‘t' “tire (0) of the curve by the 

-liE is obviously equal to 2 < 

But the chord T,E — 'p i? 

— arc XjE very nearly 
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T,R 

=-Rx2«c or < = — 

2R 

Similarly, the chord EjE «= arc EiE nearly. 

T,E* 6.* 

ThefirstoITset(Oi)«E.E=*TiE x ^ M6) 

2R 2R ' ' 

Now /.EjEFi =a ZDETj (vertically opposite) , Z. DETi 
"ZDTjE, since DTi =DE> both being tangents to the circle 
ZEjEFi « Zl>TiE = ZE,T,E 
The EiTiE and E»EFi being nearly isosceles, may 
he considered approximately similar 
• EtE E^Fi 

■ EE, T,E ' ' K "" h 


E,F. = 


4, X O, 


4» y 4,* , 
4. 2R 


4A 

2R 


FiF being the offset from the tangent at E, is equal to 


EF« _ bt* 
2R “ 2R 


Now the second offset (0*) = EjF s= EgFj + FgF 
_ fcA , V _ b,[bt+h) 

2R 2R 2R * *■* ^ ’ 

Similarly, the third offset (Oj) = ^ ^ . (is) 

smce fig = = 6^ etc 

Each of the successive offsets O*, Oj, etc , except the last 
one (Oft) IS equal to Oj Since the length of the last chord is 
usually less than the length of unit chord (6g), 

the laat offset (O,) = 4 »(^!^l±M (ig) 


Mode of Procedure — (i) Havmg fixed the directions of 
the tangents AB and BC, locate the first tangent point Tg by 
measuring backwards a distance equal to the tangent length 

^ R tan ^ , along the tangent &om the point of mtersection (B) 
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ITT'" 1®“ '■y 

the same distacce along the tangent BC 

choJ“(T ‘te length of tho first 

chord (TiE) along TjE, thus marking the point 

T Sio, hM ‘’TT ) “"'“'I ‘be 

Eol roU; ‘b-b-Stbe fl^tponr. 

■” *«et.on of T,E 

(i.r'' '* 

the lhi,n^r!f of the cham at E and swing 

thus locatiofTir'^ ^ through the second calculated offset 0„ 
thus locating the second point p on the curve 

The ^last process until the end of the curve is reached 

tbe square of th sidewaya by an amount proportional to 

t'), It™ dli^i!'; ‘b' b'P”-”S of ‘be enrv. 

ing the closing error among all the points 

resulj'th^'^r* “ 'f®'’’' " P^eo better 

“ ““'/btamed by the precedmg method It can 
^“dtatenrof ““ ‘b' is done m the 

n^*n«C t?. ° ■fbe most serious ob,e=hon 

IS earned fo™ in' *' “ Inaccurately fired, its error 

earned forward through aU the subsequent points 

Insfumental Methods 

^ tS *>f Tangential Angles —(Fig 56) 

( often called the ^ i**^ tangential angles 

or tape The H logics ) with a theodohte and a chain 

defiecLa m^J—nows "" "" 

"" ‘"“Seot to the curse 
1 and T, *= the tangent points. 
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D, E, F, etc. = the successive points on the curve. 


6 

/ 



0 


Fig 56 

8,, 5^ Jj, etc. «« the tangential angles, which each of the 
successive chords TjD, DE, EF, etc., 
makes with the respective tangents 
at T„ D, E, etc. 

Aj» A,* Aj* = the total tangential or deflection angles 
( between the rear tangent AB and each 
of the hnes T,D, TjE, TjF, etc. ) for 
the chords T,D, DE, EF, etc. 

Cj, cj, etc. = the lengths of chords TjD, DE, EF, etc. 

R = the radius of the curve. 


Chord TiD = arc TjD (very nearly) = 
BTiD = Si = i TiOD L e. TjOD = 2Si. 


Now 


TjOD 

Cl 


180“ 


X. e. TiOD = 


180“pi . 

rrR ’* 


Hence 


90“c, , 90 X 60 Cl 

= L degrees = i. 

JTR TTR 


2Si 


180 “ci 

~nir 


minutes. 
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— 1718 -9 ^ minutes 
Similarly, 5, = m8-9^;5,== 1718 ., 
= 1718 -9 

R 


( 20 ) 


and so on. 


(203) 

Since each of chord lenidhs c, c , „ i . .c 

•ength of .he uni. chord , .nf'c',?,-.;, 5.'= 

the (or M^don, a„„k ijl 

DE m tte'opTOde >>7 

.ogle het^een .h^Sr^nT^ S'^ 7heTo^ 

*"=*■ + «.+«. + . .+S. 

“• A.-. + S. (21) 

Cheek The total deflection angle (BTiTj) == =™ 

rrhere e u the deflection angle of the curve. 

<A) fo™an,*chotr"’ *' '■'flection angle 

~CO~ liegrecs, where c, is the length of the first sub-chord 

An A ^''rte'^ho” 'll' o“"^. each of the values Ag 

required value to ml, i, ^“■^■rurl'd from 360' to obtain the 
Ifl f P .ustrument is to be set 

'/^-roerdure .--To act out the curve. 
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(i) set up a theodolite over the first tangent point (Tj) 
and level it. 

(ii) With both plates clamped at zero, direct the telescope 
to the ranging rod at the pomt of mtersection B and bisect it. 

(m) Release the vernier plate and set the vernier A to the 
first detiection angle A^, the telescope being thus directed 
along D 

(iv) Pm down the zero end of the chain or tape at T,, and 
holding the arrow at a distance on the chain equal to the length 
of the first chord, swing tlie chain around Ti until'the arrow is bi- 
sected by the cross hairs, thus fixing the first point D on the curve 

(v) Unclamp the upper plate and set the vernier to the 
second deflection angle Aj, the hne of sight being now directed 
along TjE 

(vi) Hold the zero end of the chain at D and swing the Other 
end around D until the arrow held at the other end is bisected by 
the line of sight, thus locating the second point on the curve. 

(vu) Repeat the process until the end of the cur\ e is reached 

Check —The last point thus located must coincide with 
the previously located tangent point T} If not, find the distance 
between them which is the actual error If it is within the 
permissible hmit, the last few pegs may be adjusted If it 
exceeds the limit, the entire work must be checked 

The method gives more accurate results and is invariably 
used for railway and other important curves 

(1) Two Tbeodol'te Method — ( Fig 57 ) The mf-thod is 



Ftg 67 

used when the ground is not favourable foracenzate chaining 
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e g tough ground It ts based on the fact that the angle between 
the tangent and the chord is equal to the angle which that chord 
subtends in the opposite segment 

Let D, L etc be the points on the curve The angle ( Ai) 
between the tangent TjB and the clwrd T^D = BTjD = T^TjD 
Similarly, the angle BT,E = A,= TiTjE, the total tangenhd 
or deflection angles Ai> As Aj» being calculated as in the first 
method 

To set out the curve, 


(i) set up a theodolite over Tj and another over Ts 

(u) Set the vernier of each of the instruments to zero 
(ui) Direct the instrument at T] to the ranging rod at 

the point of intersection B and bisect it. 

(iv) Direct the instrument at Ts to the first tangent point 
T] and bisect it 

(v) Set the vernier of each of the instruments to read the 
first deflection angle Ai ^bus the line of sight of the mstru 
meat at Tj ts directed along TjD, and that of the other instn 
ment at Tj along TsD Their pomt of intersection gives the 
required point on the curve 

(n) Move the ranging rod until it is bisected by the cross 
hairs of both instruments, thus locating the pomt D on the curve 
(vu) To obtain the second point on the curve, set the 
vernier of each of the instruments to the second deflection angle 
As and proceed as before 


If the first tangent point Tj cannot be sighted from the instru 
meat at Tj the ranging rod at the pomt of intersection B may 
be sighted The procedure will then be as follows — 


(i) With both plates of the second instrument clamped 
at zero, bisect the signal at B 

(u) Release the veniier plate and swmg the telescope 
clockwise ) tnrougb ^ 360" — directing the hne o f 


sight along T,T, 

(ui) To obtain the first point on the curve, set the vernier 
to the first deflection angle Ai The vermer reading then 
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be^360°- + iiistead of Aj m the first ca«e The rest 

of the procedure is exactly the same as before Instead of 
sighting the intersection point B, any point K m the forward 
direction of the tangent hne T«C may be used In this case, 
however, the angle through which the telescop has to be turned, 
after having bisected the signal at K with both plates clamped 

at zero is equal to f 180“ — \ The line of collunation is thus 

directed along the line TjTj To obtain the first pomt on the 
curve, the vernier reading must be t) + ^‘ 

It will be seen that in this method no cham or tape is used 
to fix the points on the curve but they are located by the mtersec* 
tion of the lines of sight of the two instruments The method is 
simple and accurate but it is expensive since two surveyers 
and two instruments are require to use this method Therefore, 
It IS not so commonly used as the method of deflection angles 
(3) Tacheometnc Method —{Fig 58) The method is 
sometimes used when the curve is 
to be set out over rough ground In 
this method a tacheometer is used 
mstead of a theodolite the use of a 
chain or tape being thus dispensed 
with 

The defiection angles Aj. As* 
Aj etc are calculated us before It 
js obvious that the lengths of the 
whole chords TjD, T^E TiF, 
etc are respects ely equal to 
2R smAi 2R sin A,, 2R smAa, 
etc The respective staff intercepts 
® ^ S, Sg Sj etc for these distances 

aretben calculated from the formula 

D=-:^S4-(/+d)orD = — Scos^fl + { / + d ) cos 6 

I t 

according as the hne of sight is honzontal or inclined 
s t, II-5 
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(i) S**! Up a tacbeometer at Tj and level jt 


Procedure - 
accuratelj 

(11) With the Tetnier reading zero, bisect the sinal at the 
intersection point (B) ° 

(ill) Set the vernier to the liist deflection ancle A thus 

M v“rl.cau '”°rh'fd‘^°°® “SM the levetag staff 

neia \erticaU\ m that direction 

the stiff mtT,' ^itisard or forward along T.D until 

(v) Fk other points similarly 

WheI\he°dT" f'““ Ti 

so that H •>'“>”■' tPO 

method IS latlin '* “* °° 

method IS labonous espeeiaUy when the hues of sight are mohned 

Obstacles in Setting out Simple Curves 

bow“' «ns°,r,fd°‘“‘“'“ 

Lh.e‘/lsi™Tes'stlle'’!Ie '“•'T'*”’” ••■p Tnngen, 

* g when the intersection point falls 

in a lake, nver, or wood 
Referring to Fig 59 , 
Jet AB and BC be the two 
tangent lines intersecting 
at the point B, and Ti 
and Tg the tangent 
points It IS required to 
determine the value of 
Tig 59 deflection angle (<S) 

_„4 . , between the tangents 

and to locate the tangent points Tg and T. 

AB and pomts M and N suitably on the tangents 

- ‘tat M imd N am mtc, visible »d 
accurate cha nio<leratcIy level ground in order that 

curve IS not possible If the ground beyond the 

as at M' and'^'^^^ir’ ^ curve 

N . Measure SIN accmatelv 
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(6) Set up the instrument at M and measure the angle 
A3IN (dj) between AB and MN 

Transfer the instrument to N and measure the angle CNJI 
(02) between BC and M''! 

Now in the A Z.BMN, ^B’\1N=3 c< *=*180®— /_ AMN=180® — ftj 
ZBNai = /3 = 180® — L CNM = 180®— 

The deflection angle (#) = Z. BMN /_ BNM = o< + ^ 

or = 360® — sum of the measured angles 

= 360®-(fli+d ) 

(c) Solve the triangle BMN to obtain the distances BM 
and BN 

BM = P BN ^ MN sm 

sin[l80*— ^ «< +/J)) ’ sm [180® — ( < + /5 

(d) Calculate the tangent lengths BTj and BTa from 

formula T » R tan — 

2 

(e) Obtain the distances MTj and NT* 

MTi = BTi - BM and NTj ^ BTj - BN 

(f) Measure the distance MTi from M along the tangent 
1 me BA, thus locating the first tangent point 

Similarly, locate the second tangent pomt T* by measuring 
the distance NTj from N along the tangent BC 

If the points are fixed inside the curve, the procedure is 
the same as abo\e, except for the distances to be measured 
from the points M and N to locate the tangent points and 
T 2 M Tj and N T^ being respectively equal to (BJI — BT^) 
and (BN' - BTj ) 

When it IS found impossible to obtam a clear Ime MN, a 
traverse is run between M and N to find the length and beanng 
of the hne MN From the known bearmgs of the tangent lines 
and the calculated beanng of the hne MN, the angles c< and fi 
may easily be obtained The diaVao.ets BM and BN are then 
calculated as before 

(2) When the Whole Curve cannot be Set out from the 
Tangent Point, Vision being Obstructed — ( Fig 60 ) As a 
rule, the whole curve is set out from the first tangent point Tj 



132 


SUBTEYI^G AVD LZVELLISO 



■tjg eo 

lenffth of tTio cannot be done on account of great 

Z mtcrvcntng the tarof 

a^e, thetnstnimen^’ plantations etc. In such 

along the curre *0 be set up at one or more points 

taTe'bMn'tea'led^h^'.k ' j'*’”'* ~®"PP»ae the first four points 
at T. ■''a«bon angles from the mslr^ent 

d be hi t t lL r «=' ■“ttrumenl. Let 

be the last pomt located from T, and its deflection angle A 

(■) Shift the instrument and set it up at d 

oa ind'™ slt° tte‘'refel4r'’"‘ “ 

the Mectoi !^“il aS^diSto \'"l *'*' 7““" '° 

airectiDg the hue of sight along dg. 

the settrng Ilf oMhe“'IIrIl'fbIm“’d*’'“i''°° 

me curve from d as already explained 

tan.^nt BT7ar^. 

diT.=‘'tr didT,-d,T,d siaee 

rp, . * ^4 hjld. = diTed = A. 

^“sebfal angle for fte choni de = d,de = g, - dT.e 

angle ftr thI'‘chorf'ifl g™' ('>■• dfechon) 

Thus it Trill b»* Sf^n fTeeif a Ai + ^S” A, 

when the tdescope is transited after 
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a backsight was taken with the ^e^nle^ reading zero, the line 
of sight IS directed along tlK nnd when the telescope is turned 
through the angle As it is n the direction of tlie tangent at d 
It maj be noted that tlie pointe on whicl backsights are to be 
taken or whim'll are to be occupied bj tlie instrument must be 
located very carefullv To use this method the instrument 
must be m perfect adjustment 

Second Method — Supposed is the last point located from 
the instrument at T, (i) While the instrument is at T^, fix 
any point K in the line Tid produced 

(u) Moie the instrument to d and with the vernier set 
to zero, bisect K 

(ni) Release the \ernier plate and set the vernier to As 
to locate the next point e 

Third Method —This method is used iihcn the instrument 
IS not in perfect adjustment As before, d is the last point located 
from the instrument at Tj 

(i) Set up the instrument over d and backsight on Tj with 
the vernier reading 180* 

(n) Release the upper plate and swing i e turn the tele- 
scope in azimuth through 180* The telescope will now be 
pointing in the direction of dK (Tid prodweed), and the vernier 
reading will be 360* It is endent that if Uie telescope is further 
turned through the deflection angle A 4 t the line of sight will be 
directed along the tangent at d 

(ill) Set the vernier to As locate the next point e 
It may be observed that if the vernier reading is zero or 
360* when a backsight is taken on Tj, and if the telescope 
IS turned through 180 * in azimuth, the opposite vernier B or 
vernier 2 w\U have to be used for locating the new points on the 
curve This is not, however, desirable especially when the verniers 
are eccentric 

It will be noticed from the above procedure that when 
the instrument is transferred to any point on the curve, no new 
calculations are required for continiung the curve, but the 
prevnously calculated deflection angles can be used If more 
S“t ups are required the procedure to be adopted is as follows : 
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It. to "ny point, say, h on the cam' 

Ibe deflection angle for that point being A, 

lu^il backsight on the last instniment station (f) 

mth the vermer A set to the deflection angle (A.) for that point 
W For a left hand curve the vernier reading trill be 360’-A, 
(3) Plunge the telescope and set the vernier to read the 
deflecbon angle A, for the nest point i, the line of sieht bon. 
thus directed alonw ki o = 


If the instrument is not m perfect adjustment, plunging the 
telescope should be avoided The procedure irjl then be as follows 
(i) Backsight as before on the last instrument station i 
mth the vernier A reading 180* plus the deflection angle for 
the point sighted (, e d) In this case the vernier ce«l,ng wjl 
be t80"+ A, 

to tt''!i o*™® '•'“'oP' through ISO" and set the vernier A 

to the deflection angle tor the next point i, vu A, 

to •‘t' to which the vernier ii 

be set when the last instrument station is backsighted is 
180*- A, { = 360‘- (ISO' + A,)J 
(3) When the Obstacle to Chaimng Occnrs -(Fig 61) 
uppose that the flist four points have been located from T| 
e tisua way, d being the last pomt located and that the 
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Let g be the next point on the cur\e which can be seen 
from 

(i) Calculate the length of the whole (or long) chord Tjg 
from the formula, — 2R sin A? 

(u) Set the vernier A to the deflection angle A?) thus 
directing the line of sight along Tig Measure the distance 
Tig along this direction, and locate the point g on the curve 
Locate the remaining points in the usual way Alternatively, 
set out the curve T^g in the re\erse direction from the second 
tangent point Tj 

(ill) The points e and f, which were left out, will be located 
after the obstruction is removed 

Examples 

Example 1 —Calculate the ordmates at 7 5 m intervals 
fop a circular curve, given that the length of the long chord is 
60 m and the radius 80 m 

(See Fig 49) 

Ordinate at the middle of the Jong chord 
a= \ersed sine 



Xo^ R = 60 m, L = 180 m | =- 180 -> Vl80*— 30* 
= 2 52 m 

The various ordmates may be calculated from the formula 
0;^ = ~ ~ -J distance x 

being measured from the mid*point of the long chord 
Oj s = VlSO — 7 5* — VlSO* - SO* = 2-34 m 
0i5 = VlSO — 16* — VlSO*— 30* = 1-89 m 

022 5 = V'l80*-22~^— Vl80' — 30* =■ 1*14 m 
Ojo = VlSO*— 30* — VlSO* —30* = 0 m. 
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The ordinates for the other half of the curve are the same 
as above 


By the approximate formula 0;^ = where z is the 

2R 

distance of the point measured from either end of the long chord. 
The ordmates are 


360 

lo X 45 


= 1095 = 1 10 m = 0,. j 


= 18 - 0=1 88 m = 0,. 


- ~~ ^ ^ 3” 

SCO 
3 0 X 80 
360 


= 2343 = 2 34 m = Oj, , 


Example 2 -Calculate the offset at 15 m lutervals along 
the tangents to locate a curve having a radius of 860 m 
( See Fig 51 ) 

( » ) By the accurate formula Ox = VR* x* — R, the 
radial offsets are 


0,1 =V360* + 15* — 360 =0 300 m 

Oja = + 30* — 360 = 1 245 m 

Vseo* + 4;>* _ 360 = 2 802 m 

Ojo = V360* + 60* — 360 = 4 965 m 


{ See Fig 52 ) 

( u ) By the accurate formula 0 . = H - the 

offsets perpendicular to the tangent are ^ 

Oi. = 360 - _ o 315 m 

«„ = 360 _ Vbb5r-;r-b5r ^ 1 254 m 

2 „„ „ 

Ogo = 360 - 


- V360* 


60* = 5 03- m 
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(ill) By the approximate formula 0* = 


the offsets are 


O40 


15 * 

2 X SCO 
45* 

2 X 3C0 


= 0 312m| 
= 2 ai4m| 


0«o 


30® 

2 X 300 
60* 
T"x 300 


= 1 251m 

= 5 001 ra etc. 


Example 3 — Two tangents intersect at rhainage 1190m 
the deflection angle being SC® Calculate all the data necessary 
for setting out a curre with a ridms of 300 m bj ( 1 ) 
deflection angles ^nd ( n ) offsets from chords the peg interval 
being 30 m 

(a) Radus of the cur\e *= 300 m 

( b ) Tangent length (T) = R tan ^ = SOOtan 18®=97 47 m 

, , T *1. e.i /IX n- X 300 X 86’ 

(e) Lengthofthecur\e(/) = — = — 

*»188 52 m 

Chainage of the intersection point = 1190 00 m 

Deduct tangent length (T) =* — 97 47 m 

Chainage of the 1st tangent point = 1092 53 m 

Add length of the curve = + 188 52 m 

Chainage of the 2nd tangent point = 1281 05 ni 

Thus the cur\ e consists of six chords four unit chords and 

two sub chords 

Length of the first sub chord == 1100 — 1092 53 = 7 47 m 
Length of the second chord to the fifth chord = 30 m 
Length of the last chord =31 05 m 

The last chord \s chosen shghtly greater tlian the unit 
chord as otherwise the last chord would lia^e a length of 
of 1 Od m ■which is not coavement 

( d ) B> deflection angles — S = I^IB 9— mms , the 


tangential rngles are 
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Si for the first chord = 1718 *9 X-l?l=s42' 48'. 

300 

8* for the second to the fifth chord 

= 1718-9 X 2*51'S3'. 

300 

1718 9 X 81 05 

5. for the last chord = = 2 57 50 . 

* 300 

The total tangential ( or defiection ) angles for the chords are 
= =4.2'4g'. 

A^ = Si+5a *= 42*48* +2*51'53' =3°n2'24'. 

B Si+Sg+5j _ 3*82'24 + 2®51'58' 

= 6*20*84' 

» S,+Sg+Sj+Sg = 6*26'84'+2* 51'S3' 

» 9*18*24' 

A, = + + *-9*18*24' +2* 51'58' 

s= 12*10*17' 

Ag = Si+8a+Sa-H«g+5,+8g « 13*10*17'+ 2* 57'50' 

= 18*0 04' 

Check —At = I « « I X 36* «= 18*. 

(e) By offsets (ram chords , — By Om = * } 

" 2R 

the offsets are 



n. + ^«) _31*05 (30+81-03) 

* 2R « X 300 


= g*I59 m. 
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Example 4 : — Two tangents PQ and QR to a railway 
curve meet at an angle of 140®. Find the radius of the 
curve which will pass through a point M 24 m from the 
intersection point Q, the angle PQM being 100° {Fig. 62 ) 



Let Tj and T, be the tangent points. Jom OM and OTj. 
Draw ML perpendicular to PQ and MN perpendicular to OTi. 
Let R = the radius of the curve = OTj = OT,. 

Now m the ^OMQ, C)Q = OTj cosec PQO = R cosec 70°. 
OM = R } ^OQM = 100 "- 70° = 30° ; QM = 24 m 
OQ _ sm OMQ H cosec 70° sin OMQ 
OM sio OQ^I R sm 30° 

1 e. sin OMQ = sin 30° cosec 70° = 147° 51'. 

Now Z.MOQ = 180° — /. OMQ — ^lOQM 

= 180° — 147° 51'— 30° = 2° 9' 
and /_ TiOM = Z. TjOQ + Z.MOQ = 20°+2° 9' = 22° 9'. 
ML = 24 sm 100° = NTj = R — ON = R — R cos 22° 9 '. 

= R versm 22° 9'. 
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/. R rersm 22 * 9* 


• ( 1 — cos'22%p ) 

f ^ 

j- E^cample 5 — The centre line of a light railway is to be 
tangential to ’each of the following lines 

* Lm“ C B Length 

BC 270* 165 m 

" 'CD 220" 

Fxnd the radius of tne curve and the tangent lengths (Fig 63) 

130 » Let the bisectors of the 

cf 7^ fi angles ABC and BCD meet 

at O, which IS then the centre 
5 ^^ of the curve From 0 d:a« 

/n. \ \ perpendiculars OTi, OT,, and 

/ 

V/ \ y j' pectiveJ> Ti, T* and Tj 

^ ^ ‘arc then the tangent points 

Vow m the A 

Fig 63 AOBC s= 4a*, AOCB « 65* 

and /.COB *= 180® wa* — Oa* « 70* , and BC = 165 m. 
B> th“ Sine rule we get 


sm 70® 

Radiusof the curve=s OTj = OCsinCa® 

« 124 17 sin 65* = 112 SB m 
Check — , =: OB sm 43* 

=s 159 18 X sm 45* =112 5CtQ. 


Tangent length BTj = 


* BTg = 112 56 tan 45* = 112 56 in 
: CT, = 112 56 tan 25“ = 52 5 m. 
BT, + CT, 

. 112 56 + 52 5 = 165 06m 
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Example 6 • — Two straights BA and AC are intersected 
by a third line EF. The angles AEF and AF E_a re 27® 12' and 
82® 24' and EF is 180 m Find the radius of the sfmple curve 
which will be tangential to the lines BA, EF, and the 



Fig C4 

(i) In the A AEF, EF = 180 m, £AEF( <) a 27*12.'; 
Z.AFE(/3) =32*24'; Z.CAF(I) = 180®— 27’l2'.-82®24' =120*24'; 
and = 50* 80'. 


Therefore, b> the Sme rule, we get 
_ 180 vin 32®24 
sin I sin 120®24 


_ EF «< 

sml 


180 SUV 27*12 
Sin I2V24 


Z.BEF = JSO® — < = ISO® — 27® 12' = 152® 4S'. 

ZlCFE = 180® — ^ = 180® — 32® 24' = 147® 36'. 

( 11 ) Now the formula for the radios of the cur\’e tangen- 
tial to the lines BA, EF, and AC is derived as follows : 

In Fig. 64, Z.TiEr = JT — ^EFTg = 7T — fi, ^EAF =!• 
Considering tlie mam tangents AT, and ATg, we get 
R = AT^ tan ~ ~ AT- t aa- ^ 


While, considering the tangents ETj and EG, we have 
R =ETi tan i (if - but ETj = ATj - AE. 

•. R =(ATj - AE) tan i(ir - oc) . 
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Substituting the value of R, viz 

ATi =a tan in (a), we have 
S 

ATi tani = ( AT^- aE ) tau ( < ) 

ATi = 


Whence R = 

Similacly, R FTj tan ^ (ff — ^) 

a= (ATj — AP) tan * ( Jl — jB ) 

and R a AT^ tan -I- 
2 

Proceeding as alcove we get 

AT - ~ 

AF tan J (it — ^ ) tan 

(tan 70'’ 24 — tan 60” 12 ) 

AF tan ^ tan — 

3 2 

Cheek — It IS also given bj B = — yr 

^tan — — — — tan -5- J 

. P 39 tan 73” 48 tan 60” 12 ^ 

• ■ “ ( tan 73* 48 — tan 60* 12 } 


AE tan 1 ( ir — < ) 
Itan ^ (tr— «<) — tan-j 


AE tan i ( It — < ) tan — 
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( 111 ) Now tangent length ATi = R tan A =338 -ItanSa'iS' 
= 193-5 m 

(iv) Lengthofthecircularcurve=*i^^?^ 

180“ 

_ ;:x338-ix59-6 

lio^ 

s=a 351*3 m. 


( V ) Chainage of A = 1700 0 m 

Deduct tangent length ATj = — 193-5 m 
Chainage of Tj -= 1506 5 m 

Add length of the curve ==* -I-351-3 m 
Chainage of (Tj) 1837 8 m 


Example 7 —Two straights AB and BC meet m an in* 
accessible point B and were joined by a circular curve of 
480 m radius. Two points M and N were selected on AB and 
BC respectively, «nd the following data were obtained • 

/.AMN s= 159“ 48' , ./ CN!H *= 155* 4S' ; MN = 127 5 m 

Make the necessary calculations for setting out the curve 
bj the method of tangential angles, given that the chainage 
of M was 1400 00 m (Fig 59 ) 

( 1 ) In the triangle BMN, BMN •= 180“ — ^AMN 

= 180“— 159*48 =20*12'. 

Z.BNM =180“ - Z.CNM = 180“ ~ 155“ 42' = 24“ 18'. 

Z,MBN =180“ — Z.BMN—Z.BNM= 180“— 20*12’ —24*18', 
= 135* 30', MN =127-5 m 

127-5 sm 24“ 18' _ „„ 

Now BM s= = 74 88 m 

sm 135“ 30' 


BN 


127-7 sm 20“ 12' 
sm 135“ 30' 


m 


(u) Deflection angle (4) = ^BMN + Z.BNM 

= 20“ 12' + 24“ 18' = 44“ 30 



I4i 
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■Tnngenl length = BT, = ET. - R t.„ « 

Jil, _ K tan _ ^ 480 

-itT T.,. “ ®* m 

= ®’^=-®''=l»“38-62ra=I33o9nn 

(■■) Length of the cunrc = i[5i ^ >f X 480 x «• 5 
ISO 180® 

(.V) Cha.ages_ Cha„age„fM = 4 !;^ " 

Bednct MT. „ i„i 5 ^ 

Add length of the cur^e 3 - 9 r, 

ChajoageofT 

26 4 m retpeettveT * “ 

W Tangential anglea -By S _ ins 9 ' mmutes 
Chamage of Tj ^ 

l="Sttof,h.tetsnbeh„,d rgfsm” 

Henee S, = 47,3 g _ 

— 77 0 mm *= 1®17 0 ' 

5j 

*o =* 1718 9 X -i£ _ j,. ,, 

.a _ 85 5^ JJJJJJ _ 1®29S2' 


480 


^1. 


= 1718 9 i»35 


33' 


be obtained from a — ^gles for the various chords may 

1 1 17 0 Aj — S, +Sj 0- jegggo' 

Ais = 5i + Sn+c, ,ja ^ 32' and SO on 

* +13 (1®29 S2')4-l®35 33' 

,y,} = 22®16 29' 

A« = J « = j (44-ai,) ^22. 
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Example 8 — Two straights BA and AC the bearings of 
which are 30° and 82° respectivelj are to be connected by a 
curve with a radius of 3s>0 m The intersection point is 
inaccessible and the following traverse is run from a point P 
on the first straight to a point S on the second straight 
Line Length m m Bearing 

PQ 132 0 m 55° 

QR 118 8 TO 120° 

RS 22o 6 TO 3o° 

The chainage of P is ‘»2i>0 m Mnke all the necessary 
calculations for setting out the curve bj the method of 
offsets from chords 

( 1 ) Since the trai erse PQRS is a closed one the length 
and bearing of PS mav be obtained from the known lengths and 
beanngs of PQ QR and RS [-I 

The latitudes and departures of the sides by L *= 1 cos «< and 
D s 1 sm e< are 

Line Lat Dep 

PQ + 75 C3 + 108 12 

QR _ 59 40 + 102 90 

RS + 184 80 + 129 89 

Total lat of S with respect to P = S L = + 201 03 m 
dep of S = S D = + 340 41 m 

Tan < = ^ = where e< is the R B of PS 

lat 201 03 

or< =59° 27 R B ofPS=N 59° 27 E W C B = 59°27'' 
Length of PS — 340 41 cosec 69° 27 — 39a 4 m 
(ii) Low m the ^ APS, 

^ APS = heatmg ofPS— beanngof BA=59°27 — S0°=29°27'« 
Z.ASP = bearing of CA — bearing of SP 
= 262'°— 2" =22*33 

4PAS = 1S0°— 29° 27 — 22° 33 = 128° PS = 395 4 m 

^ „ 395 4 sin '’2° 33 

By the sine rule AP = = 192 45 m 

sm 128° 


S L 


10 
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( ui) Let Ti and Tj be the tangent points 
R a= 3o0 m 

Tangent length ATj tan-^ = 350 tan 26’ 

( « « ILO” — 128* = 52* ) « 170 7 m 

Whence PTj = AP - AT^ = 192 45- JTO 70 

=a 21 75 m. 

rRtf rX350X52 

( IV 1 Lersth of the curve = — - 

^ ® 180 180 

= 317 7 m 

( V ) Cham age of P = 2260 00 m 

Add PTi = 4-21 75"^ 

Chamage of the first tangent point (Tj) — 2281 75 ro 
Add curve length =-j-317 70iD 

Chsmage of the second tangent point (Tj) •— 2o99 45 m 

( M ) The curve consists of 11 chords of 25 m each and 
two sub chords it Ti and T* The olTseta from chords may be 

calculated from 0« *= Lit 

2R 

Length of the first sub chord = 6j = 2300 00 — 2281 75 
= 18 25 m 

AS 19 9eS 

First offset 0,= A- = - - 0 476 m 

2R 2 X 350 

Second offset 0^ = = 25(18 2 +25) ^ ^ 

2R 2 X S50 

Third 1 j 

to [offietOj^s =* 1 785 m 

12th J to 

Oi: 

Last offset = l 

2X350 


727m 
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The results are tabulated as under 


Pomt 

Chamage 

Chord length m m 

Offset m m 

Tx 

2281 75 



1 

2300 00 

18 25 

0 476 

2 

2325 00 

25 

I 543 


2350 00 

2o 

1 785 

to 1 

to 



I2J 

2575 00 


„ 

Ta 

2j99 45 

24 75 

1 727 


Example 9 — The bearings of two straights AB and BO 
intersecting at B are 120® 40 and 100® 25 respectively They 
are to be connected by a curve of 180 m radius The chainage 
of A is 1076 00 m Submit in a tabular form, the calculations 
necessary for setting out the curve by means of a theodolite, 
given the following co ordinates of A and C 

Co ordinates 
North Fast 
153 12 18 68 

64 74 830 12 

Through A draw a Ime parallel 
to the north and south Ime (Fig 65) 
and produce CB so as to meet it 
m E Through C draw a line 
parallel to the east and west Ime, 
meeting the line AE in F 

( 1 ) Now the deflection angle ( 0 ) at B = bearing of AB 
“ bearing of BC == 120® 40 — 100® 25 == 20® 15 (left) 

In the A AEB, Z.EAB = 180* — 120® 40 = 59® 20'; 
AEBA = beanng of B A — bearing of BE 
= 300® 40 — 280® 25 = 20® 15 
. ZAEB = 180 — 59® 20 — 20® 15 = 100® 25' 

Now AECF = beanng of CB — 270® = 280* 25' — 270® 

= 10® 25 


Point 

A 

C 



Fig 65 
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EF = FC taa. 10* 25'. 

FC = total d'^srtcre of C — total d A 

= S£0 12 — 13 65 = Sie 44 Q- 


EF=21S 44 tas 10*25 =55 17x3. 

AE = AF — EF , HF = c^rth eo-o*:ijiate of A — 

coo-osata cf C = 153 12 — 6* 74 = £S 35 sa* 

AE = Sa 2S — ;>i 17 = go 21 sa. 

30 21 cia ICO® 25' c ei ^ 


TSliaaae,bv th»Si2-^Ta_± \I5 = - 


( j ) Let Ti <j:d T. b- tb* 6*<t and ^tconi taaseat ler:^ti 
oa AB a..d BC re^a^ctarelv 


T-a ST, = BT, 


s ISO taa 20* 1? 
bSS 14 sx 


Lsa'^ cf tj** curr* 


-Rs 


160* 


'•X 150X20 Sa g2s. 
ISO 


(u, Cba.aa'^c'A =107 6 00 ra. 

Acd l-a'»‘b of AB = — S5 £■* ta. 

Caa-aa^c'th- jte-^“^-oapo32* (B) = C31 84 rx 
D“d e* mT,) — S2 14 rx 

Chagis^*- of ti.*- ET't pciat (Tj) = '0 a. 

Aad of twc cxrve -*- C3 62 ix 

Ox-iaar* of (Ta/ =• 1023 32 ix 

( IT ) Taap^c^iaJ — ^Th" ccrre will b* sst ont 'ixib 

pejs z* 25 m mte*%'a!> of diacja^S. Tb** esrre is laxd' 

up of 3 cbo~dj o-* DO'Tiial cboal, and two S3b-<d50”d». 

Lea^ of th» fim scb-cio»d = 975 00 — 9^9*70=15 30ix 


Taa^^tial aa^’e 5j= 


1718 9X15 30 


=146 1 laias 


180 
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Length of the second chord = 25 m. 

1718*9 X 25 

Tangential angle Sj = = 238-7 mins 

= 3®58'*T 

Length of the last sub chord = 1023*32]- 1000-00 
=: 23 32 m. 

17189x23 32 

Tangential an^fle S, = = 222-7 mms. 

° ° ® J80 


= 3“42'-7 

The results may be tabulated as under : 


Point 

' Chain. 

1 as?e in 

1 metres 


1 Total tacg 
ential angle 

1 (A) 

1 * ' ' 

Theodolite 

readin,! 

T. 

959-70 




1 

075 00 

lo 30 2 26 1 

2 20 6 

2 26 10 

2 

1000 00 

25 3 53 7 

6 24 46 

C 24 50 

T, 

1023 32 

23 32 3 42 7 

10 7 30 

10 7 30 


N. B. A'’cuiacy of theodolite = 10* 

Check As = n = H 20" 15' ) = 10° 7' 30*. 

Compound Curves : — In Fig 66 is shown a compound curve 
which IS tangential to the three 
straights AB, BC, and KJI at Tj, 
T 2 and N respectively. The two 
circular arcs, TjN and NT, 
ha\ ing centres at Oj and O 3 meet 
at the point N, which is called 
the point of compound curcature, 
the points N, Oi, and Oj being 
m a straight line. The are having 
a smaller radius may be first or 
second. Let the tangents AB 
and BC mtersect at the point 
B, AB and KM at K, and KM and BC at M 
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Notatioo — Let Hg the smaller radius (OiTi). 

Rl = the greater radius (OjTg). 

Tg = the smaller tangent length (BTj) 

Tt = the greater „ (BTj). 

« = the deflection angle between the end tangents AB 
and BC. 

ec = the deflection angle between the rear and common 
tangents AB and ICM = BKM 
fi = the deflection angle between the common and forward 
tangents lOI and BC = ^ BMK 
tg *= the length of the tangent to the arc (TiN) having a 
smaller radius 

ft s* the length of the tangent to the arc ( NT* ) having a 
greater radius 

Elements of the Compound Curve 

d « ^ ^ . .. ... ... (28> 

KN = KT, = (, = B, fan -5 ; MN = MT, = ([ -Rt tan • 


KM =KN +SIN +(i = B,tan -1 +B.,lanA (21) 
2 2 


From the A BKM, BK = 


KAI sin fi _ K5I sm < 

sin( < +P)’ 

(fg + ttjsm/l , ( <3 + (t, ) sm ^ 

SID d sm 0 


Now Tg = BTi = KTi + BK = tg + ( ) sin P_ 


Ti = BT* = MT, + BM = *1. + +lh)^*» !L ... (26) 

sm 0 

Substituting the values of fg and ti, in the equations (25) and 
(26), we get 


Tg = Rg tan 


-1 +fRstan-i + Ri,tan ... {25a) 

2 \ 2 2/sm0 



CURVES 


151 


Tl = Ri. tan i- + /" Rstan Ji + Rt tan (26a) 

2 \ 2 2 y sin ^ 

Of the seven quantities Rg, R^,, Ts, Tl, 0. <, and fi, four 
must be known The remaining three may then be calculated 
from equations (23), (25), and (26) 

Rg, Rl, and 0 are usually known and the fourth known 
quantity may be either ec or ^ , or Tg or Tj, 

The following equations give the relationships between the 
seven elements involved in a compact form 

Ts sm 0 = (Rl — Rs) versin p -f-Rj versin0 (23b) 

Tl sm 0 — (Rl — R-s) ' ersui < + ^ ers n 0 ( 25 c ) 

0 *=• e< + P ( 23 ) 

“Setting out the Compound Curve —The curve may be set 
out by the method of deflection angles from the two points Tj 
and N, the first branch from Ti and the second one from N 

Procedure — (i) The four parts of the curve being known, 
calculate the other three 

(u) Locate B, Tj and Tj 'is alreadj explained Obtain 
the chainage of Tj from the know n chamage of B 

(ill) Calculate the length of the first arc and add it to the 
chainage of Tj to obtain the chainage of N Similarly, com- 
pute the length of the second arc which, when added to the 
chainage of N, gn es the chainage of T, 

(iv) Calculate the deflection angles for both the arcs 

(v) ith a theodolite set up over Tj, set out the first 
branch as already explained 

(vi) Shift the instrument and set it up o^ er N With the 
vernier set to — behind zero, le ^360*’— "v)’ ^ backsight 

•on Tl and plunge the telescope which is thus directed along TiN 
produced flf the telescope ts now swung through the angle — ^ 
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tbe line of sight will be directed along the common tangent NM 
and the \enner will read 360“) 

(vn) Set the \emier to the first deflection angle as 
calculatea for the second branch thus directing the line of sight 
to the first point on the second arc 

(viii) Continue the process until the end of the second are 
IS reached 

Check — Pleasure the angle TiNT* nhich mast equal 

180-_(^)or (ko--4) 

Example 1 — Two s nigl ts B \ and AC are intersected 
by a Ime EF The angles BEF ind EFC are 140® and 145° res' 
pectnely Tleridius of 11 e first arc is 600 m end that of 
the second arc 400 in Find the chainages of the tangent 
points and the point of compound curvature given that the 
chamage of the intersection point A is 5tl5 m (Fig 57)^ 

Let Ti and Tj he the tan* 
gent points and D the point of 
compound curvature 

ETi and ED the tangents to- 
the first branch of the compound 
curve 

FD and FTg the tangents to 
the second branch of the 
compound curve 

«< and fi the central angles of 
the first and second branches 
respectively 

Biandll; the radii of the first and second branches respectively 
Then < = 180® — 140® *= 40® P = 180° — 145° = 35®> 

Ell — ED = Ri tan Jl =600 tan 20° =218 4 m 
2 

hTj = FD = Rj tan A «= 400 tan 17° 80 — 126 I m 
2 
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EF = ED + ro = 21 84 -r 126 I 344 5 m 
Now m the A AEF, AAEF = 40®, AAFE = 35°, 
JeAF = 105®, and EF = 344 5 m 
344 5 sin 35° 


/ AE = 
AF = 


sin 105° 
344 5 sm 40° 


= 204 ’ 


Hence tangent length ATi — AE -f- ETj = 204 7 + 218 '4 
= 423 I m 

„ „ ATj* AF + FT2 = 229 4 + 126-1 

= 355 5 m 


length of the first branch** 
«, „ second 


ff R, X < _ ^^00x40° 

180° iio° ’ 

trRj X fi_ ffX400x85° 

Tio~ * ' 


180° 


41S 9 m 
244 •4 m, 


Chainage of the intersection point (A) =» 

8415 

0 m 

Deduct tangent length (ATO ** 

- 428 

1 m 

’Chainage of the tangent point (Tj) = 

.991 

9 m 

Add length of the first branch =* 

4-418 

9 m 

Chainage of the point of compound 



curvature (D) = 

3410 

8 m 

Add length of the second branch = 

244 

4 m 

Chainage of the tangent point (Tj) = 

8655 

2 m 


Reverse (or Serpentine) Curves — A reverse curve is com- 
posed of two circular ires curving m opposite directions with 
a common tangent at their junction The point at which the two 
arcs join is called the point of reverse curvature or contrary Jlexlure 

Reverse curves are used when the straights are parallel 
•or intersect at a very small angle They are frequently used 
m railway sidings, and sometimes on roads, and railway tracks 
designed for low speeds They should be avoided as far as 
possible on highways and mam railway lines where speeds are 
necessarily high for the following reasons • 
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(1) They involve a sudden change of cant from one side to 
the other 

(2) The curves cannot be properly superelevated at the 
point of reverse curvature 

(3) The sudden change m direction is objectionable 

(4) Steering is very dangerous m the case of highways 
It is always preferable, whenever practicable, to insert a short 
straightlength or a reversed spiral between the two branches of the 
reverse curve 

It IS not possible to determine the elements of the reverse- 
curve directly unless some condition is given, e g , equal tadu or 
equal central angles 

The equations forthe general case may be deduced as follows 

(Fig 68). 



Notation — Let AB and CB = the straights to the curve 
B = then point of intersection 
# = the angle of intersection ABC. 

R = the greater radius 
r =: the smaller radius 
Ti and Tj = the tangent points 

E = the point of reverse curvature 
I = the angle ( T^OjE ) subtended at the centre by the 
are having a smaller radius 

e< * = the angle (TjOjE) subtended at the centre by the 
arc having a greater radius 
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= the angle ( ATiTj ) between the tangent AB and 
the line joining the tangent points Ti and Tj. 

Xz = the angle (C'TjTi ) between the tangent BC and 
the line joining the tangent points Ti and Tg 

Join TjTj Draw OjM and OgN perpendicular to TiTj. 
Though Oi draw OgP parallel to TiTj, cutting OgN produced 
3n P. Through the point of reverse curvature (E) draw the 
common tangent , meeting the tangent AB at A' and the tangent 
BC atC'. 

The points 0], E, and Og are in a line. 

A'Ti and A'E being tangents to the first are, 

Z.AA'E « ^T,0,E = 

•C'E and C'T* being tangents to the second art, 

^ BC'E = Z. TgOg 

From the triangle A'BC', Z. AA'C' = Z A'BC' + Z A'C'B 


1 . e «<,=« + < 8 or«=s <,— <8 ( 27 ) 

Similarly, considering the triangle TjBTs, we have 
^ A’TjTj = Z T|BT 8 + Z TiT 8 B ] e Cj « 0 + *8 
or <4 — .Tg ... ... . ( 28 ; 

Now Z TiOiM = Z A'T,T, = «, 5 Z TjOgN = Z C'TgTi = JCj. 
Z MOjE == Z TiOjE - Z T.OjM = k i - a-i ; 

ZNOjE = ZTjOgE - ZTjOjN = .<8 -«8. 

But Z MOjE = Z NOjE *<1 — iTi = <8 — or 

<1 — »< 2 = *1 — a -2 


TiM =5 r sm Xi ; MN = 0,P « ( R -j- r ) sin ( »< j — aij ) ♦ 
NTj = R sm iTg. 

Now TiTj « TiJr + SIN + NT* 

= {r sm iTi + (R + r ) sin ( •< 8 — arj) R sm } .. (29) 
Again, Oi5I = r cos x ^ ; OjN = R cos ; 

OoP = (R + r) cos ( <8 — ®*) = (R 4- r) cos ( <1 — x^). 
But OgP = OjN — NP = OjN4- OjAI = R cos X 2 + r cos Xi. 
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( R 4-r ) COS ( «<. — iTj) = ( R -J-r ) cos ( «Cj — a-,) 
= ( r cos ar, + R cos ) 

/ , » V (» cos x, 4- R cos I,) 

or cos { <1 — Xj) =cos( ^ ^ ~ — (30) 

It m'ly be noted that T\beD the central angle Ki is greater 
than < 2 tl e po nt of inten>ection occurs before the reverse 
curve ^\hen «<j is less than Kj, it occurs after the rererse 
curve m vhich case 0 — — ^2 — 

A few cases of reverse curves of common occurrence \riU 
now be considered 

Case I — ^\’hen the two straights are parallel (Fig 69), 
biotation — ^R B the greater radius (OjD) 
r = the smaller radius (O^C) 

«<i=the angle subtended at the centre faj tlie 
arc having a smaller racJ is (r) 

XjEstbe angle subtended nt the centre by 
the arc having a greater radius (R) 

V =s the perpendicular distance between the 
straights CC and RD 

/ >= the length of the line joining the tangent 
points C and D 

A = the distance between th“ p“cp“ndica!ars at 
C and D 

Let CC and DD be the parallel 
tangents 

Through the point of reverse 
curvature B draw a line parallel 
to the straights cutting the 
perpendiculars COi and VOf in 
El and Eg respectively 
Tlie perpendicular distance (r) 

=» CF, + DE» 

CE 1 = OjC — OiEi ~r — rcos <1 = r (1 — cos Ki) 
= r versin <1 



Tig 69 



CUEVES 


15T 


Similarly, DE 2 = OjD — OjEg — R — R cos «< 2 = R cos •< j) 

= R versin «< j. 

It IS evident from the figure tliat <<i = »< j 
/. c = R versm 0^1 4- r \ersin o<j= (R4- r ) versin <1 .(31) 
The points C, E, and D obviously lie m a straight hne 

Now CD = CE + ED. But rE= 2rsm Jii and ED = 2 R sin ^ 
2 2 

1 = CD = li (R - r) sm -|i .. (32) 

Since sin = -- we get 
f = 2 (R + r ) 1 e i* = 2i> (R + r ) 

I « ( R +7") . ^82a) 

EiEj « EiE + EE, = rsin «<i 4- R sm »<s. 

A = (R + f ) sm «< 1 . (83 ) 

When thetwo radii are equal (R = r ), we have 

2R versin «< I ••• ... ... (34) 

/ = 4 R sin ... . (35) 

/ = V~4^ (35a) 

A = 2RsinKi . . ••• (36) 

If the curve is short, it may be set out by offsets from the 
long chords CE and ED. 

Case II • — WTien the 
straights are non-parallel : 

Data* — Thecentral angles 
«Ci and <<g, and the length 
of the common tangent are 
given (Fig. 70). 



F«g 70 
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It IS required to detennme the common radius. 

Let AB and BF = the straights intersecting at B 

DC = the common tangent of length (4 
E = the point of reverse curvature 


Ti and Tj = the tangent points 
D = the pomt of intersection of the tangents AB and DO. 

^ = „ DCandBF. 

R = the common radius 


DTi and DE are equal, smee they are the tangents to the 
first arc 

Similarlj , CE and CTj are e<]ual, since they are the tangents 
to the second arc 


"Now DTi = DE *= R tan the angle BDE being equal to <1 


CTj -a CE = R tan -!l? , F'CD 

2 ” 

= DC - DE + EC - R tan ill + R taa -il 
2 2 

“ R ^tan 4- tan 


(tan + tan 


(37) 


From which R may be calculated Knowing R, and the 
en ra angles c<j and «<* , the lengths of the two arcs of the 
cune may be determined 

If the chainage of D be given, the chamage of the points 
o anpncy Tj and T„ and the pomt of reverse curvature may 
"be obtained thus 

Chainage of = chamage of D — DT, 

>• of E = ,, of Ti + length of the first arc 

* of Tg = „ of E + length of the second arc 
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The deflection angles for the two arcs may be calculated 
in the usual way. The first arc may be set out from Ti and the 
second one from E. 

Case III : — When the straights are non-parallel : — Given 
the tangent pomts, their distance apart, and the angles and 
X 2 which the Ime joinmg the tangent points makes with the two 
tangents. It is required to find the common radius of the two 
branches of the curve (Fig. 71) 

Let AA' and CC' = the tangents to the curve. 

Ti and T 2 = the tangent pomts. 

E = The point of contrary flexture. 

R = the common radius. 

d => the length of the hoe ]ommg the tangent 
pomts Ti and Tj. 

iEi = the angle ( A'TiTs ) between TjT* 
and AA'. 

Xi = the angle ( TiTjC' ) between TjTg 
and CC'. 

The points Oi, E, and Oj lie in a straight line. Join Tj 
and Tj. » 



Draw Oi5I and OjN at right angles to TiTj. Through Oj 
draw a Ime parallel to TiTj, meetmg OjN produced at P. Let 
the angle OjOiP be $. 
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From the triangle O.OiP, sin O^OtP = sm 

OiO, 

and OjP = OiOj cos 0 = 2R cos 6 

But O.P = 0,N + NP = 0,N + 0,M, smce NP = 0,11 

Now 0,M = O.T. cos T,O.M = R cos », 

and 0,\ = o.T. cos T,0,\' = R cos x. 


sm g 


H eos JT, + R cos 
2R 


since OjO, = 2R 


or e»s.n ,3,, 

Again, T.T, = T,AI + + f,T, 

T,M = R sm Ii , MN - O.P = «R cos 9 , NT, = E sin I, 

^ "^i ~ E sio I, T- 2R cos 9 + R sm X, = d 

■niiencc, R = ^ i ^ ,39) 

(suifi + 2 cos s 4- sm x*) 

The angle subtended at the centre by the first arc •= •< 

= TiO,E = ^ T,0,H + /i JiOiE 
= ffi + (90®-tf) (40) 

The angle subtended at the centre fay the second arc = < 

Z Ti OE = ^ T, O, M ^ M O, E 

= x^ + (90 - 6) 

= Z Tj Oi E = Tj ^ + N Oj E 

= a:, + (90 _ 0) 

= TAE =Z T.O2N + Z NO^E 

= x + (go® - g) (40fl) 

Knowings, R, <j,and <s,thelengths of the two branches 
•of the curve may be conqiuted The calculations necessary 
for setting out the curve may be made as already explained 
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Case IV — When the straights are non parallel and the 
r idii unequal — The data are the same as m case III, and m 
addition one of the radii is given (Fig T’) 

The notation will be the same as in Case III 



F- 72 

Let R be the greater radius (OjE) md r the smaller one (OiE ) 
0,Os«OjE +OiE=R +r OiP = MN 
OgP = OgN + NP as OgN + OiM = R cos ig + r cos Xi 
From the AO[OgP OiP =* VOiOg* — OP* 

= V { (R T r)* — (R cos Xg + r cos Xj)* ] = JIN 
TjM r sin Xg NTg =- R sin Xg 
TiTg *= d = T,M T MN’ + NTg 
r sin Xg + v { (R 4- r)* — (R cos Xj + r cosXg)*} + RsmXjor 
{d — (R sm Xg -1- r sm Xg)}* *= {(R + r)" — (R cos Xg -f r cos Xg)*} 
On reduction, we get 

d" 2d (r sin Xg + R sin Xg) = 4 Rr sm* ^ ^ (41) 

If one of the radu say R is given the other radius (r) may 
be found from the abo^e quadratic equation 

Knowing R and r the angle OgOgP (a) may be obtained 
R ith a known the necessaiy calculations may be made as 
explained m the precedmg case 

Case V — hen the straights are non parallel and the 
radu unequal — Gnen the angle of intersection (0) of the two 
tangents, the two radu, and one tangent length (Fig T'i) 
s L. II-G 
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LetAB and BC = thefirst andsecond tangentsmtersectmg atB 
Tj and Tj = the tangent points 

T = the length of the first tangent ETj. 

T' = „ of the second taug''nt BT? 

•< 1 = the angle subtended at the centre Ox bj the 
first arc 

j = the angle subtended at the centre O hj th“ 
second arc 

0 = the angle r f intersection of the tangent 
AB and BC 

R = the greater radius OjE 
r as the sTfialler radius OiE 
Draw OA perpendicular to 4.6 Through Oj draw a line 
Parallel to AB meeting OjTx produced in P 
Let OjP=<2, 

(1) TjMB « 00* ~ « as O MN 

EOjT, = < j , NOjM = ❖ , TjOjE =* «: j 
. EOjN aa EO,Tj - KOj'M as - 0 = TjOjE sa <i 

le «<J — «a8<xOr0as(<j_<j) (li) 

' 2 ) From the triangle MBT, , 
a = MX* = BTt tan 0 = T' tan 0 
e = ^IB = BT* sec 0 = T* sec 0 
T* being given, d and e can be calculated 



Fig 73 
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(3) From tlie tnangle Oj^CJI, b — OjN = O 2 JI cos 0 
c ~ NAI = O 2 M sin i. 
f5ut O.'M = OjTj - MTj = R - rf. 


6 == (R — d ) cos 0 ; and c = (R — d ) sin 0. 

R, d, and 0 being known, b and e can be found. 

(4) From the triangle OiPO®, a = OjP = OjP tan < 1 . 
But OiP = OiT, -r TjP = r + fc 
a = (r -r fe ) tan o<j. 


With R, r, and b known, we can calculate <1 from 

OiP (r -r b) 

cos *<1 = — ‘ ea- 1, 

OiOs (R -r r) 


(5) Having calculated a, c, and e, the tangent distance 
TjB may be found from 

T' =a TiB = TiN + VM -r MB a + e + e . (48) 


To Locate the Tangent Points on a Given Deviation 
consisting of Three Curves of Equal Radius : Given the 
common radius and amount of the deviation .—Sometimes 
it IS found necessarj to deviate from a given straight line m 
order to av oid mterv ening obstructions such as a building, a 
bend of a riv'er, etc. To locate the tangent points on a given devia- 
tion, the procedure is as follows — 

Referring to Fig. 74, BC is the original Ime , M the pomt 
of deviation , JID (d) the 
amount of deviation, the 
angle TiMD being a right 
angle ; and Tj the tan- 
gent pomts ; R the common 
radius. It is required to 
determine the distances 
Fig 74 MTi and JIT.. To do this, 

drop a perpendicular OjN on the chord TjE. Then 
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TiN = J TjE = J TjD Since the tnangles TjOiN and 

rT>nn-» 1 TjN MD 

TiAlD are similar, = . 

TiOi TjD 

But TiN = i TjD and TA « R. 

TiD* = 4R X MD or T,D = sVR x MD ... (44) 

and TjE = J TiD = -y/R X MD (44a) 

^o^r MTi* = T D' - MD* = 4 R x MD - MD* 

MTi= V MD (4R - JID) (45) 

SimilarH, AIT^ = ( 4 R — MD)" 

Example I — \ re\ ers® cun e is to be set out between two 
parallel tangents iSm^part The distance between the tangent 
points C and D is 180 m and the two arcs of the curve have 
the same radius Calculate the radius, and the ojfsets at 7 5 m 
iti er^als, the cur\e being '■et out by means of oflsets from CD 
(Fig 69) 

(i) Radius of the curve — Let ✓ be the central angle 

Then sm 1 11 " 2S'. 

2 I 180 10 

Radius = ^ = Bs 450 ni 

2 versm < 2 (1 — cos 11 “ 18') 

(ii) Offsets from the long chord CE of the first arc of the 
curve — 

(a) By approximate formula, O- = , the dis- 

2R 

tanccs of the points on tlie chord CE being measured from C 
Length of CE = L = 90 m 

Offset at C = Oo = 0 00 = offset at 90 m 

at 7 5 m = Oi = ' 5^8^ _ 0 C87 m = „ „ 82 5 m 

2X450 


at 15 m = O 2 = ^ =1-‘'51 = 

2X450 


75 m 
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„ 67 5 ra 


2X450 

30 m Og 2 001 



„ at 

2X450 



^ 3-'5x52S „ 

„ atS75m=Os = - =3187,, 

” 3x450 

= . 

,, 52 5 m 

45X45 

., at 45 m = Og = - = 3 25 „ 

2X450 

= 

, ,, 45 m. 

(b) 

By exact formula, 0* = R- — jr* 

v'- 


the distances of the points being measured from the mid point 
F of the loag chord CE 

Offset at 

F = 0, =V'450*— 0 — \/450 

-45* 

= 2 25 m. 

» at 

7 5 m = Oi =^450*- 7“5* — 

„ 

= 2 108 m. 

>1 at 

15 m = Og =V450*- 15^ — 


= 1 986 m 

u at 

25 5m = ©3 =Vi50*— 22~P — 

M 

= 1-638 m 

■> at 

80 m = 0 * =-v/»50^ 10 ^ — 


= 1 230 ni. 

» at 

37 5 m = O 5 =V't50S-37 5* — 

" 

= 0 7C0 m. 

•> at 

45 m = Og =V450*— 45* — 

„ 

= 0-000 m. 


The offsets for the second arc arc the same as above. 

Example 2 — Two straights AD 
and CF intersect at B Tiie common 
tangent DC intersects AB at D and 
BF it C respectively It is proposed 
to introduce a reverse curve of radius 
R between them The angles ADC and 
DCr are 142” 36’ and 132” 48' respec- 
tively. The length of the common tangent is 465 m Find 
the common radius, and the chamages of the tangent points 
and the point o{ reverse curvature, if the chainagc of D is 
785 m. ( Fig. 75 ). 



■Fig "JS 
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(i) The deflection angle ( «<t) between AD and DC 
= ISO® — 142® 36' == 3T® 24' 

The deflection angle (<<s) between DC and CF 
= ISO® — 132® 4S = 47® 12' 

>fow DC =DE +EC =b( tan-^j- 

= 46 j m 
R = 600 ra 

OO Length of the tangent DTi = R tan— 

=* 600 X 18“ 42' 

= 203 07 m 


Length of the tangent CTj =» R tan — ^ 

= 600 X tan 28* 


, jfR <1 

( ii) Length of the first arc of the eur\e « — ^ioTP 


IT 600 X 37® 4 
180^ 


= 391 68 m 


Length of the second arc of the curve = 


TTR «<* 
180 


W 600 X 47® 2 


(i\ ) Ctainage of D = 785 00 m. 

Deduct tangent length DTj = 203 07 ai 

Chainage of the first tangent point (Tj) = 531 93 m 
Add length of the first arc = 891 68 m 

Chainage of the point of reverse = 923 61 la 

curvature (E) 

Add length of the second arc — 494 28 ra 

Chainage of the second tangent point (Tg) = 1417 89 m 
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Exart)ple 3 ; — A re\erse cune is to be run from a point Tj 
on AA' to the point Tj on CC' Determine the common radius, 
and the lengths of the two parts of the curve, given that TiT^ 
is 720 m and the angles A T 1 T 2 and TiT-^C are 47® 30’ and 
25® 12' respectively (Fig 71). 

Here iEi =3 47® 30' , aij = 25“ 12' , TiTj = 720 m, 
= fl. 

Let R denote the common radius. 


. R cos a:, + R cos Xt cos x. + cos x^ 

Then sm 0 = i— — = i- 

2R 2 

_ COS 47® 80' + cos 25® 12’ 

2 

0 = 52*12'. 

The common radius (R) may be obtained from 
R= _ T.T. _ 
sm + 2cos 0 + sin 
_ 720 

" ~ sm 47® 80' + 2cor 52® 12' + sm 2'>®12' 

= 301 396 m 

Row the central angle c<, of the first arc 

= «! + 90® — 0 = 47® 30' + 90® — 52® 12' = 85® 18'. 
1 lie central angle «< j of the second arc 

= iT. + 90® — 0 = 25® 12' + 90® — 52® 12' 63®. 


A Length of the first arc 


irK«<i _ frx 801*496 X85®-S 
180 180® 


of the second arc = 


jtR 

180 


= 448 4 m 
_ TT X 301 496 X 63® 
180° 

= 831 40 m 


Example 4 : — Two straights AA' and CC' are to be con- 
nected by a reverse curve which begins from T^ on AA' and 
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ends at Tj on CC'. The angles A'TxTg and TiTjC' are 82® 14' 
sad 16® 48' respectively. The radius of the first branch com- 
mencing from Tx is 320 m Find the radius of the second 
branch of the curve and the lengths of the two branches, if the 
length of TjTj is 496 8 m (Fig. 72). 

Let r be the radius of the second branch of the curve. 


Hereari = 32®I4'; J6®48'; TiT, =496 m;R =320m 

_ . R cos art + f cos jr, ,, 

R +t 

TiTj = TiM + MN + NT* = 496 m. 

Now TiM = R sm JIN =s (R -}- r) cos $; NT 2 = r sin*! 
TjTi = Rsinxi + (R -f r)cos 0 +f smxj = 496-8 

TjT* — R sm X* — r sin x* in 


Hence cos S = — 


R -b f 


Eliminating g, from the relation sm*e 4 -cos* 0 asl, we have 
rcosxjV /TiTj— RsmXi— rs^jYl _j /jj 
^+r R+r /] 

Substituting the giien values m equation (8), we get 

K 320cos32®14'-frcoslC®48'y ^ 

sib' 4^ / 

r496 8 — 320 sin 32® 14' -- r sin 16® 48' Vl j 
\ 320 + r / J 

or (640 — 640 cos 32® 14' cos 16® 48'— €40 sm 32® 14' sin 16® 48. 

-b 993 6 sin 16® 48' } r 

= { {496 8)» — 6.0 X 496-8 s n 32® 14' )} 

77440 


- = 219-64 m 


300-16 
Whence ixom {!), sm & 


320 cos 32®14' •K 249-64)cosl6®48' 
320^ + 249-64 


509-68 

^ 9-64 


= 63° 28' 
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Now the central angle of the first arc 

= e<j= -f 90®— e = 32® 14' + 90“ — 63“ 28' = 58“ 46'. 
The central angle of the second arc 

= <,= iEj + 90“— 9 = 16“ 48 + 90“ — 63“ 28' = 43“ 20'. 


Length of the first branch of the curve 
IT X 320 X 58“ ' 


Length of the second branch of the cm\c 

r X 249 64 X 43“ 33 


Transition Curves (from page 161) 

On railways and highways it is tlie coininon practice to 
introduce a cur\e of varjing radius called a iranution curve 
between the tangent and a circular curve The transition 
curve IS also called the spiral or ea^rvient curve It is dso 
inserted between the two branches of a compound or reverse 
'urve 

The ob]ects o'" introducing a tran-^itio c irve vt each end 
of the circular curve are os follow s 

(1) To accomplish gradu K the traiiiitioii from the ivti ent 
to the circular curv e andfiomtne ci <ui ti n rve to t' c (mgent 

(2) To obtain a gradual increase of curvafu’^c fmrn zero 
at thf tangent point to the spccifi 1 qu ititv at t le jmirtioi 
of the transition curve with the cirtul r curve 

(3) To prov ule a sati ^actc v means c *■ o’ *^ainin!; a "ra Ji a! 
Increase of superelevat on f om zero on the tnment t5 ‘I e spe- 
cified amount on the main eir uiar curve so th-'t tie lull 
superelevation is attained simultaneoush with the curvature of 
the circular curve at the junction of the transition curve with 
the circular curve 

A transition curve should fulfil the following conditions 
when it IS inserted between the tangent and the circular curve 
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(1) It should meet the ongmal straight tangeatially 

(2) It should meet the circular curve tangentially 

(3) Its radius at the junction with the circular curve should 
be the same as that of the circular curve 

(4) The rate of increase of curvature along the transition 
curve should be the same as that of increase of superelevation 

(5) Its length should he such that the full superelevation 
is attained at the junction with the circular curve 

The types of the transition curve which are m commoD 
use are {!) a cubic paTabola, (2) a clothoid or spiral, and (3) a 
iemmscate the first two being used on railways, and the third 
on highways 

In order to admit a transition curve, the mam circular 
curve requires to be shifted inwards When the transition 
curv es are inserted at each end of the mam circular curve, the 
resultmg curve is called the combined or composite curve 

Superelevation — When a vehicle passes from a straight 
path to a curved one, the forces acting on it are (i) the weight of 
the vehicle, and (n) the centrifugal force, both acting through the 
centre of gravity of a v ehicle Since the centrifugal force always 
acts in a direction perpendicular to the axis of rotation which is 
vertical, its direction is always horizontal The effect of the 
centrifugal force IS to push the vehicle off the rads or track In 
order to counteract this action, the plane of the rails or the road 
siwface IS made perpendicular to the resultant of the centrifugal 
force and tlie weight of the vehicle In other words, the outer 
rail IS superelevated or raised above the inner one Similarly, 
the road should be ‘ banked i e the outer edge of the road 
should be raised abov e the muer one, the raising of the outer rail 
or outer edge above the inner one, being called the supereleva- 
tion or cant The amount of sujierelevation depends upon the 
speed of the vehicle and the radius of the curve 

In Fig 76, let 

W = the weight of the veh cle 

P = the centrifugal force 
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p = the speed of the vehicle m m per second 
» = the acceleration due to gravity, 9 81 m per sec” 

R = the radius of the cur\ e la m 
h = the superele\ ation n m 
b = the width of the road in m 

G = the distance between the centres of the rai’s in m 



Then for equilibrium the resultant 
of the weight and the centrifugal force 
must be eoual and opposite to the re 
action perpendicular to the road or rail 
surface 


Now 


P = 


Mv* 

sR 


p ^ 


Pig 76 If 6 be the inclination of the road or rail 

surface, the inclination of the resultant to the vertical is also 6 
Therefore, we have 


sR 

Hence the amount of superelevation k 
io* 

= b tan 9 — on roads 

Go* , 

= — on railways 

sR 


( 11 ) 

(45) 


The amount of superelevation is limited to 15 cm on a stan 
dard gauge 1 435 m (4 the distance between the centres of 
the rails being 1 486 m (4 ll J' ) {16 cm for B G 1 677m {5 6*) 
and 10 cm for M G 1 m ( 3 3|' )J for snfety of the 
vehicles It should be applied gradually along the 
transition curve so that it is proportional to the distance? from 
the begmnrag of the curve full superelevation being attained at 
the junction of the transition curve with the circular curve In 
applying it, it is the common practice in America to raise the 
outer edge of the road or the outer rail and to depress the 
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inner edge or inner rail by half the amount of superelevation 
Howev er, m India and Kngland the practice is to raise the outer 
edge of the road or the outer rail by the full amount of super* 
elevation 

Length of Transition Curve — ^The length of a transition 
cur% e ma> be determined in the following ways 

(1) By an arbitrary gradient — The length may be such 
that the superelevation is applied at a uniform rate of 1 in n 
the value of n ^ arying from 300 to 1200 

Therefore L — nA (46) 

where L =the length of the transition curve m m 
h the superelevation m ra 
1 m n as the rate of canting 

(2) By the time rate — ^The transition curve may be of 
such a length that the cant is applied at an arbitrary time rate 
of <2 cm per second a % arying from 2 5 cm to 5 cm 

Let L as the length of the transition curve m m 
V B the speed in m per second 
h B the amount of superelevation in cm 
a B the time rate (cm/see) 

Time taken by a vehicle m passing over the transition curve 
*= ^ seconds 

V 

Superelevation attained m this time = bA'. 

V 


L 


A o 


(4T) 


(3) By the rate o/ chan^ of radial acceleratton — This 
cate. he. vinh. that. tiui. tbAJeld. oaL experience 

any sensation of discomfort when the tram is travelling over 
thecurve It is taken as30 cm persec *, which is the maximum 
that will pass unnoticed 
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Now the radial acceleration on the circular curve = 

R 

(m/sec*) 

Time taken bj a vehicle to pass over the transition curve 


Radial acceleration attained m — seconds at the rate of 


0 3m per 

see * = 

: ^ X 3 m/sec* 

V 


n" 

iLx 

_ p® 

0 3 or Xi « - 

(48) 


V 

0 3 R 

V3 

“ wr" 

if V 

ss speed in km/hr 

(48a) 


Of these methods the third method is commonly used m 
determining the length of a transition curse 

The ratio of the centrifugal force end the weight is called 
the centrifugal ratio 

P Wi>* p* 

C«.tr*s,.lral.o (43) 

The maximum value of the centrifugal ratio on roads is 
taken as ^ and for railways as ^ 


On roads — 






=ZZZ = 2 452 R or 11=^2 452 R 

i;> 


Now from formula (48) L = 


0 3R 


2 452 ®^ 


(50) 


On railways ■ 




*12 soVr 
c* = 1 226 R or V = •y/V 226R. 
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ttansitioD curve (clothoid spiral) roaj be deduced as follow^ — 
In Fig 77, let TS » the initial tangent 
T ™ the beginning of the transition curve 
E = the pomt of junction of the transition curve with 
the circular curve 

U = anypomtoathetransitioacurve Im along itfroraT 
p = the radius of the transition curve at M 
R = the radius of the circular curve 
• = the inclination of the tangent to the transition curve 
at M to the initial tangent TB 
♦i— the angle between the tangent TB and the tangent 
to the transition curve at the junction point E 
(This angle is known as the spiral angle ) 

L = the length of the transition curve 

The fundamental requirement of the spiral curve is that 
its radius of curvature at any pomt shall vary inverselj as the 
distance (1) from the beginning of the curve 
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Therefore, p «< — or =ml 
I P 


Now for all curves, - 


> = — dl = ml X c 
P 




Integrating, we get d = . . (51) 

The constant of integration being zero, since =* O.when l—O. 
At the junction point E, Z =s L , p = R , and «) = 


L» L 
“ 2R 

Substituting the value of m id equation (51), we get 

I* 

9 or / Ky” 4 

2RL ^ ^ 

*n which K saV2RL. 


(52) 


53) 


If the curve is to be set out by offsets from the tangent at 
the commencement of the curve (T), it is necessary to calculate 
the rectangular (Cartesian) co ordinates, the * axes of co-ordi- 
nates ’ being the tangent at T as the jr-axis and a line perpendi- 
cular to it as the y-axis. 



Fig 78 

(i) R“ferring to Fig 78, let M and N be the two points at a 
distance SI apart on the curve. Let the co ordinates of 51 and N 
be (*, y ) and (« -h Sx, y-f Sy), and the respective inchnations 
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of the tangents at M and N to the initial tangent (TB) at T, 
0 and 0 + Stf 

Then we have dx = dl cos 0 and dy = dl sm 0 

Now | = KV0 , <tt= ^ 

2V« 

® I 

By integration, K ^ 0 ^ — — etc ^ 

« KV 0 f 1 - *' + — - etc ) 

Substituting i for K 0 we get 

+ ®l_ate'\ (51) 

\ 10 216 / 

Writing ^ fo 0 X — / ^1 — ^ T ^ — etc ^ {•^ W 

"K* V. 10K« 2lClv* / 

(11) dw=d;sin 0 = d/( 0 — * etc ) 

\ 3’ 5* / 

5 9 

K K / t 0” 0-^ N 

Butii?=„^ ^d 0 dj^ 2 T + 1 ^”^ A 

3 7 11 

( 0^ 02 02 \ 

j 

= KV^ ^ ~ -1- — etc ^ 

3\. 14 440 / 
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K*’ 


■' 3K' \ 14 410 ) 

+ -etc') 

Sir \ 14K‘ 440K» ) 


Substituting the value of K (=V' 2IIL), we get 

\j = ( 1 — 

6RL\ 


-elc") 
140 / 


(55) 


SUL (' 14 (2RL)« ^ 440 (2RL)‘ 

(ui) Rejecting all terms of the expans ons {54) and (55) 
except the first, we have 

19 ».3 

(56) 


which IS the equation of a cubic parabola the length of the curve 
being measured along the z a\i (at nj the tat gent TB) The 
cubic parabola is known a* Troudes tran'.ition or easement 

curve The ofset to am p mt on f'le curve for a given 

dis*’ance along TB ma> be ob’atned ( cuv «.qua‘^ion (aG) 

(u) Tal mg tl e first two ten >, of tl c above txj aiisions 
(5*) and (j5), v e get 

*='0-i«)='(' . 

i rom whrh th co tr i i »v poi it on tie true o* 

ciotlioid spiral na\ bt < 3 i u. the I'^n^th I being measured 

eMrg t e cune 

(v) If vve take the fir«t term oniv of the expansion (55), 

P 

wr get an equation for tl e cubic spiral, y = (59) 
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Thus it TV ill be seen that m the case of a cubic pa’abola, 
we make two approximations, mz cos * = 1 and sin 0=9, 
while m the case of a cubic spiral only one approximation is 
made, viz sin 0=» Since the eosme senes is less rapidly convex* 
^mg than the sme senes, greater error is m% olved in assoming 
cos ® = 1 than that made m assuming sm # =0 The cubic para 
bola IS, therefore, inferior to the cubic spiral 

For all practical purposes, however, there is very little 
difference between these two forms of the trans’tion carve 

Isow tan «< — , where «< = the deflection angle, i e the 

X 

ingle (MTB) between the tangent at T and the line from T to 
any point (M) on the curve (Fig. 76) 

Dividing the expansion (55) by the expansion (54), we get 

tan o< • — + _ etc., which very closely pesembles 

8 105 

s expansion of tan^, vijY tan - = - 4 - — + etc ) 

8 \ 3 S 81 / 


4 

.. tan »< ss tan 

8 

Since 0 IS usually small ( a small fraction of a radian ) 


(60) 


^ ■\/2nL. 


Bence < = 1 = i radians 


... ( 01 ) 
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Characteristics of a Transition Curye 


o 



Ijff 70 

In Fig 79, let TB =* the original tangeut. 

T a* the commencement of the transition 
curve. 

E s= the end of the transition curve 
EEj =B the tangent to both the transition and the 
circular cur\e at E 

Y »= EEj ss: the offset to the junction pomt (E) o'' both, 
curves. 

X = TE2 = the X co-ordmate of E 

EE' = the redundant circular curve. 

Ti = the pomt of intersection of the Ime (OE') 
perpendicular to the tangent to the circular 
curve at E' and the onginal tangent TB. 

S = E'Ti = the shift of the circular cun e 

N = the point in which OE' cuts the transition 
cun-e. 

ti — the spiral angle (EE.B) between the common 
tangent EE. and the original tangent TB 
R = the radius of the circular curve (OE) 

L = the length of the transition curve. 
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(a) Now EE = Il«t tut = 


EE R -r = 
2R 2R 

L 


But EN is ^ ery nearly equal to EE EN = — (62) 

I e the shift (E Tj) bisects the transition curve at N 


Hence TN = 

2 

(b) Draw EG perpendicular to OE' 

Now S = E Ti = GTj — GE = EEj — GE 
== Y — R(1 — cos 01 ) 


or S : 

Cut 1 = 


! Y — 2R sin’ 
L* L» 


(62a) 


(63) 

(63a) 


as and 01 ' 


L 
‘ 2R 


S = -i-2R 

2 4 6R 8R 24R 


(«J) 

(65) 


(i-y 

AI>o NT,= ' -id - ' S -Le Ti 

6RL 6RL 48R 2 2 

1 e the transition curve bisects the shift 
(c) Total tangent length (BT) — (a) True Spiral (Clothoid) 
BT = BTi + TjT 

Now T^T = TEi - EiT, = TE, — EG = X — Rsin 0i 
OTi = OE +ET, = R+ S 
BTi = ( R + S ) tan A 

where ^ is the deflection angle between the straights 

BT = (R + S) tan A + (X — R sm0,) (6^) 


X=E(4-^). 


L 
’ 2R 
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BT =(R +S)f4in A+l/' 


01 — 


2 V 

10 / \ 


6 / 

= (R + S) tan ^ +l( 

1-— ^-Vri 

rL _ 

L“ ' 

2 \ 

40RV ' 

<2R 

' 48R*, 


-=.(n +S) tan A + ) 

' 2 2\ 120IIV 

= (R+S)tan A (66a) 

2 2\. 5R/ 

(b) Cubic Parabola — In the case of a cubic parabola, the 
length of the curve is measured along the x a^is (TB) 

Therefore, TE = L *= TEj « X 

Also, sin radians 

Hence the equation (C6) may be written as 

BT = (R+S)tan^ +L-R*,= (R+S)t8n ^ +L-R ^ 

={R+S)tanA+^ (67) 

Hence it follows that T,T = — = TN 
2 

The amount S tan ~ is called the shift increment, and 

(X — R sin the spiral extension 

Thus it will be noticed that when a transition curve is inser- 
ted between the tangent and the circular curve, the length of the 
tangent of the combined curve is greater than that of the simple 

curve (=R tan^) by an amount depending upon the form of 
the transition curve used In the case of a cubic parabola, this 
increase is equal to (s.aaA+i) , while m the case of a 
true spiral or clothoid, it equals 
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Fig 80 

Let X = TMi = the distaoce of any point M on the curve 

measured along the tangent TB from the 
commencement T of the curve 
y MiM « the perpendicular offset to the point of 

f a= the length of the transition curve TM 

X » TEi = the distance of the junction pomt E of 

the transition curve with the circular 
curve from T measured along TB 
Y =s EjE = the perpe idicular offset to the junction 

point E 

L = the length of the transition curve 

# = Z. ^IMjB = the angle between the tangent line TB 

and the tangent to the transition curve 
st any point M 

= the angle between TB and the tangent a 

E (Spiral angle) 

B = the radius of the circular curve 


»< =/. MTB the deflection angle to any point 51 

“C n *= Z. ETB = the deflection angle to the junction E 
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6 ^ 


n ^bich X — I 


( 68 ) 


Now tan o< = ^ = _f = 

X 6RL 

From the intrinsic equation © = 


6RL 

P 

2RL 


radians 


o< im radians) = = 

6RL 


ei = — radians = 

6RL 6RL X IT 


I e 0 = 3 K (6^) 
/* X ISO® X60 1800/* 


rRL 


5781* 


minutes 


c , T 1800 L 573 L 

Since < s= L, <ti — = minutes 

trR R 


minutes (70) 
(70a) 
(71) 


«■ — radians s 
2R 


minutes (72) 


If the degree (D) of the curve be gi\ en instead of the radius, 
the corresponding \ alues of «< < „ and maj be found by 

Substituting the value of R m terms of D, viz 


equations (70a) to (72) 


Hence «< = 


573 P xD 
L X 1719 


= DL minutes 


DP 

DL 

DL 

60 


minutes 

minutes 

degrees 


(73) 

(74) 

(75) 


From equation (68) the co ordinates of E are 

jt 

X = L and — =* four times the shift 
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Total tangent length = BT = (R + S) tari ^ ' 

in which S = the shift and A ~ the deflection angle between 
the two tangents. 

(2) Elements of True Spiral j — 

Using the same notation, the elements are ! 

The co-ordinates of any point M : 


\ 10 / v 40 n%v 

6RL\ 14/ 




(76) 

(77) 


14/ <,RL\ 56R*LV 

The CO ordinates of the end (E) of the cufve : — 

-‘('-.S.)-'(-S)" 

!•’_') («.) 

CU\ 14/ cav 50 KV 

The expressions for tl e deflection angles ar® 
aho\e. 

575 1'i Dl* 

«< ~ ,,, minu'cs ss minutes. 

IIL JL 

_ 573L ^ DL 

*<n minutes = — — minutes. 


Total Tangent length (BT) = BTi + TjT 
A 


= (R + S) tan ^ + X - R siQ «i- 
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(3) Elements of Cubic Spiral : — 

/» 

y =* , I being measured along the curve ... (7S) 


, 18001* ^ 5731* 

e< = minutes = » 

ttRL RL 


(79) 


0, = 3 €<„ = 


TTR R 

3 X 573L 3DL 


. DL j 

minutes = degrees. 
DL 60 


Total tangent length =* (R + b ) tan 


if the deflection angle of the transition curve is small as is usually 
the case, Rut if large, formula (66) or (66a) should be used. 


Length of the Combined Curve : — (Fig. 81). 



Ii?. 61 

The angle subtended at the centre by the circular arc 
(LE') *= (^ — 20 ^ ) degrees. 
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Length of the circular arc EE' = — ^ (SO) 

ISO 

Hence, the length of the combined curve 

_ 7rR(A ^ (81) 

180“ 

The length of the curve may also be found m another vay. 

The central angle subtended by the circular arc EjEi' 

= ^ degrees 

/. Length of the circular arc EjE'i » . 

180“ 

Hence, the length of the combined curve s* — 5.^ + L . (Sla) 

ISO® 

The calculations required for setting out the combined 
curv e ma\ be made in the follow mg steps • 

Data (a) the deflection angle {^) between the straights, 
(b) the radius (H) of the circular curve, (c) the length of the 
transition cun*e (L), and (d) the chamage of the point of intersec- 
tion of the two straights 

If the bearings of tbe two straights be given instead of 
the deflection angle between them, the latter may be found by 
subtracting one bearing from tbe other. 

(1) Find the shift (S) of the circular curve from S = — . 

24K 

(2) Compute the total tangent length from formula (6T) 
or (66), according as a cubic parabola or a spiral is used. 

(3) Calculate the spiral angle Stj from 0^ = -—radians. 

(i) Calculate the length of the circular curve from formula 
(80); and the length of the combined curve from formula (81), 
and also from formula (Sla) for checLiug the results 

(5) Find the chamage of the beginning (T) of the combined 
curv’e by subtracting tbe total tangent length from the given 
chamage of the point of intersection (B). 
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(6) Obtain the chainage of the junction point (E) of the 
transition cun e with the circular cune bv adding the length of 
the transition cur\ e to the chamage of 1 

(7) Determine the chainage of the other junction point 
(E ) of tl circular arc u ith the other transit on cur\ e by adding 
the length of the circular arc to the chainage of E 

(8) Obtain the chainage of the end point (T ) of the combmed 
cur\ e bj adding the length of the transition curv c to the chainage 

E' 

Check — The chamage of T thus obtained should agree 
with its chainage found bv adding the length of the combmed 
curve to the chamage of T 

(9) Calculate the deflection angles for the transition curve 

from •< = minutes or < = minutes and also for 
RL JL 


the circular curve from 5 = I^IS 9 ^ rains bearmg m mmd 

that the pomts are staked on the combined curve with through 
chainage so th%t there will be sub chords at each end of the 
transition curves and of the c rcular curve In the ease of a 
transition curve the peg interval maj be 10 m or 15 m 

(10) Find the total tangential angles for the circular curve 
from^„s=2S and check the results bv observ ing if An equals 

l(A - 2«.) 

Tabulate the results as under 



(11) Calculate the offsets for the transition curves from 

{/ = in the case of a cubic parabola and from 

611L 





188 


SURVEYING AND LETELLISO 


u ( 1 — — J or w = (1 j m the case 

" GRLV 14/ 6RLV SGR^LV 

of a true spiral 

(12) Finally compute the offsets from chords (produced) 

from On = 1 for circular curve 

2R 


Setting oat the Combined Curv" By Deflection Angles - 
The first transition cune may be set out from T ( i ) bv the 
deflection angles or ( ii ) bj the tangent offsets and the circular 
curve from the junction point C The second transition curve 
may then be set out from T checl.ing on the junction point E 
prcMOush located 


( 1 ) Having fixed 



r t- 8'’ 


the tongen » VB and BC, locate the 
tangent po nt T by measuring backward 
the total tangent length from the mtersec 
tion point B along the initial tangent VB 
and the other tangent po nt T by measur 
jng forward the same distance from B 
along the forward tangent BC 


('’) From T measure along TB the distances equal to IL §L 
and L and peg tb se points which ate lettered Tj Eg and Ej 
respectivelv (Fig 82) 

(3) Set up a tl eodolitc ox erT and with both plates c'amped 
at zero bisect B 


(4) Re ease the vernier plate and set the vernpr to the 
first deflection ai git ( >< i) ns obtained Irom the table thus direct 
ing the line of sight to the first point on the transition curv e 

(o) With tl e zero end of the tape pinned down at T, 
hold the arrow at a distance on the tape corresponding to the 
length of tt D first sub chord and swing the tape until the arrow 
IS bisected by the cross hairs thus fixing the first point on the 
transition curve Itniaj be observ ed that the distance to each of 
the successive points on the transition curve is measured from T 
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(6) Repeat the procedure until the end of the curve (E) 
IS reached Check the location of E bv measuring the distance 

EE, which should equal 4S ^ 

\ 6R/ 

(7) To set out the circular curve shift the instrument and 
set it up at E 

(8) With the \ ermer set to § 0 i behind zero (t c 360* — f 0 i) 
for a right hand cune tike a backsight on T (\\hen the 
telescope is turned m az muth through the angle it will be 
pointing m th“ direction of the com n n tangent EE, and the 
vernier wul read zero(3<0* Oi dej s<ir ^ tl telescope the 
point E, p’cv ousl\ fi-ved at from 1 wiU be bisected hen 
the telescope is plunged it mil point n the forwa-a direction ot 
the common tangent the \emicr reading being 3i O’) 

(0) Transit the telescope and set the vernier V to the first 
tabulated deflection angle for the circuhr curve and locate the 
first po nt on the circular curve as <iirc i K evplaiiie 1 

(10) Continue the setting out of tl cirvulir curve upto E 
in the usual waj 

(11) S*t out the o''h''r tnnsition irve from T as before 

(12) Check the points thus pegged on the transit on curve 
and tlic circular curve bv tanj.tut of cts an 1 bv off ets from 
chords produced re«pc tiveiv 

It maj be noted that through elmr is sometimeb not 
Carried forward on the transition curve so that there will be no 
«ab chord at the beginning the transition curve However, 
'-he e will ncc-’ssanlj be the sub tnor Is a*" tl e end of the t'^ansit on 
^urv e, and at the beginning and at the end of circular curv e 

S'^ttin^ out 'he Transition Curve by Tangent Offsets — 

(a) Cubic parabofa (i) From T raca-mre f'le r co ordinates 
of the points along TB (ii) Locate Hie points on the cu*a e bj 
setting out the respective offsets perpendicular to TB at each 

distance 

(b) Cubic spiral Each point is located bv swinging the chord 
length from the preceding point through the calculated offset. 
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Setting out tbe Traasitioa Curve by Offsets from the 
Tangent (TTi) and from the Circular Arc E,E — (Fig. 81) 
This method is based upon the fact that the offaet from the 
circular arc (EjE) to the transition curve at a distance x fromE 
IS equal to the offset from the tangent ( ITi) to the transiton 
cure e at a distance x from T, the tangent off ets being calcu- 

lated from ti = — - In this method, therefore, ba'i the 

6RL 

transition curi e is set out b\ means of offsets frjm the tangent 
(TTi) and the remaining half by means cf offsets from tbe 
circular are EjE 

Spiralling CompoundCur.es — (Fig S3) Mhenitu 
required to insert a transition cur\e between the two arcs of a 
compound curve the following procedure may be adopted 



(1) With the given radu of the two circular arcs, the mas* 
raum speed, and the distance between the centres of the rail heads. 
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calculate the amount of cant or supe-elevation {ki and h^) for 


each arc by the relation li — 

sR 


G 


(2) From the gnen rate of applieation (n) of the cant, 
find the lengths (Lj and Ljj) of the transition cur\eo from the 
equation L = nh. 


(3) Knoiimg the lenc*hs of the transition cur\es for both 
branches, calculate the amount of shift (Sj and So) for e.ch 

I * 

branch by the formula S =s Tie d st^.-’ce between the 

2*R 

tangents of the shifted cur>es — G,Go= Sj — S,. 

The transition cur^e at the common point of tangency is 
bisected at G 3 The ooint Gj is, thp'e'‘ore, rauhiav betsieen 
and 

(4) Determine the length of the transition cur\’e required 
at the common point (C) of tingcncy by the equation 
L =5 n (/ii — Ao) Altenialnelv, the length L is fixed em- 
pirically. 

(5) Obtain the chainages of the points of tangency and 
the junctions of the transition curses with the circular arc from 
the calculated lengths of the tangent and circulai arcs. 

( 0 ) Compute the deflection angles for the transition curve 

by the relation e< mins 

77 U* 

4S 

(7) Calculate the offsets bv the equation t/ = — 

L’ 

( 8 ) Compute the deflection angles for the circular arcs 

^y the formula 8 = 1718 9 ^ mins 
R 

(9) Find the offsets for the transition cur\*e at the common 

point (G) of tangencj by the equation y = — i* 
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(10) Locate the pomts at ^^hich the transition curve meets 
the circular cur% es by setting out — from Gj in each direc 

tion Set out the transition curve by means of offsets from the 
circular curves as calculated m (9), commencing from the 
junction points 


The method is illustrated in example 5 
Spirallino Reverse Curves — (Fig 84) If it is required to 
insert a transition cun e 
between the two branches 
of a rev erse curve, the pro 
cedurc is similar to that 
adopted m the ca'e of a 
compound curve 
From the known data 
the amount of supereleva 
cujtt's tion (/i, and A.) for each 
branch may be calcu 
Fig 8* lated 

Then the greatest change of cant = A^-r 
Length of the transition curve required at the point of rev erse 
curvature =* L = n (Ai+ A*) in which n = the rate of canting 
The distance between the shifted circular arcs =S|+S> 
w here Si a id Sj are the amounts of shift for the two branches 
ilie oTspCts for the transit on curve at the point (E) of reverse 
curv vture may then be calculated from the formula 



_ 4(Si+S,) 

L» 


3 ^ 


To set out the transitiou curve, the po nts at which th* 
transition curve joms the shifted arcs arc located by measjr 


ng half the length of the transition curve on either side 


of the original point of reverse curvature The transition curve 
IS then set out bj means of offsets from the shifted arcs 
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Examples on Composite ( or Combined ) Curve 
Example 1 : — The following data refer to a composite 
curve. Deflection angle (A) =60® 30', maximum speed 90 
km per hour ; centrifugal ratio = J ; max rate of change of 
acceleration = 0*3 m per sec’; cliainage of mtersectioii 
point = 2570 m. 

Find (a) the radius of the circular curve, (b) the length of 
the transition curve, and (c) the chainages of the beginnmg and 
end of the transition curves, and of the junctions of the transition 
curves with the circular arc 

(i) Kadius (R) : 

Speed 90 km/hr 25 m /sec. 

GO X 60 

p* 25* 

Kow the centnfugal ratio = - = i = — ^ 

^ gR * 0 81 X R 

R = 254 8 m. 

(ii) Length of transition curve (L) By L t= 

25* 

Length of the transition curve = — - ~ 

0 ’o X 254*0 

= 204 • 4 m say, 205 m. 
(ill) Spiral angle 0 i • — By 0i = radians. 


0. = =23'’6'*6 

2 X 25-1 8X 

(iv) Central angle = A — -^i ~ C'*6 

= 14 ® 16 ' * 8 . 

(v) Length of the circular arc = — 


j s "Oo* 

(V,) SMtol the cur.-e (=) *= 


s i_ II-7 
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(vu) Tangent length (T) = (R + S) tan — 


= (254 8 -i- 6 9) tan 30“ 15' 

= 

263 

9 

m 

(viu) Chamages — 





Chamage of the intersection point 


2570 

0 

m 

Deduct tangent length (T) 

— 

26S 

9 

m 



2306 

1 

m 

Deduct half the length of the 





transition curve 

— 

102 

£ 

m 

Chamage of the beginning of the 


2 “’03 

6 

ra 

first transition curve 





Add length of the transition cuive 

+ 

205 

0 

m 

Chamage of the junction of the tracsi 


2408 

6 

m 

tion curve with the circular arc 





Add length of the circular curve 

+ 

C3 

5 

m 

Chamage of the junction of the transi 


2472 

T 

m 

tion curve with the circular arc 





Add length of the transition curve 


205 

0 

m. 


Chainage of the end of the second =» 2677 1 m 
transition eiirve 


Cheek — Total length of the composite curve 
= 63 5 + 2 X 203 
Cbainage of the beginning of the 
6rst transition curve 
Add length of the combined curve + 3 ™ 

Chainage of tlie end of th“ =* 2677 1 m 

other transition curve 

Example 2 — Two straights intersect at chamage 3000 m 
with a deflection of 36“ 48 It is proposed to insert a 
circular cur%e 7o0 xn radius with cubic spirals ISO m 
long at each end Tind the cbainage (i) at the beginning and 
at the end of the combined curve and (n) at the junctions of 
the transition curves with the circular arc 


ss 473 3 m 
=« 2203 6 m 
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(0 L = 150 m ; R =» 750 m 
L* 150* 


Shift (S) = 

24 R 24 X 750 

(ii) A = 36'“ 48' , S = 1 *25 m ; R = 750 m. 

Total tangent length = (R+S) tan — + — 

2 2 \ 5R/ 

= (751 -26) tan 18“ 24' -}- —( 3 — ^ ^ 

2 V 5 X 760/ 

= 324 90 —0 025 -324-87 m 


(ill) Spiral angle (0.) =»— radians = 

^ ‘ 2R 2X75 0 

— 5* 48' 48'. 

Central angle of circular arc =* A — 20 i =00“ 48'— 2(5* 43'48') 
= 25* 20' 24'. 


(iv) Length of circular arc 


irR( A - 20i) 


180 

ffx750x25 8 4 
180 


= 831 -80 m. 


(v) Chainage : — 

Chainage of the intersection point = 3000-0 m. 

Deduct the total tangent length = 324- 9 m. 

Chamage of the beginning of the = 2075 1 m. 

combined curve 


Add length of the cubic spiral -f- 150 0 m. 

Chamage of the junction of the = 2825-1 m. 

cubic spiral v ilh the circular arc 
Add length of the circular arc = 331 .g m. 

Chamage of the junction of the circular == 3156-9 m. 
arc with the cubic spiral 


Add length of the cubic spiral = + 150-0 m. 

Chainage of the end of the = J206-9 m. 

combined curve 
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Example 3 • — Two clothoid spirals for a road transition 
between two straights meet at a common tangent point If 
the deflection angle between the straights is 20“ 12', the chain- 
age of their point of intersection 371 Om, and the maximum 
speed 108 km per hour, calculate the chatnages of the tangent 
points and the point of compound curvature. 


The cuiw e may be designed on the basis of the comfort 
condition or centrifugal ratio 

(i) The maximum rate of change of accelerat’on 
= 03 m/sec» , 2« =. 20“ 12' 


Now V = 108km 'hr = il!?— =30 m/sec 
60X60 


- radians = 0 1763 radians. 


Whence, R 


J 0 


(30)3 

8x2X0*1763 




27000 
0 1058 


= 503 8 m. 

L = 2R « = 2 X 505 3X0 1763 = 178-1 m 

(ii) Centrifugal ratio = . 

4 




„ 4o* 4 X 30* 

or K = — = 

g 9-81 


L = 2 R «= 2 X 366'9 X 0-1763 = 129-3 tn 
The cur\ e may, therefore, be designed on the basis of the 
comfort condition 


Now the tangent length = X + Y tan 0/2, where X and Y 
are the co-ordinates of the end of the first clothoid. 

From (73a), X = L 1 

\ 40R* / 

from (74a), Y = f 1 , where 0 = 10“ 6'. 

6R\ 56R* / 
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Tangent length = L ^ 1 — ^ ^ — tan 

^ \ 40R’/ 6RV 56RV 2 

= 177 4 +1 8 =179 2 ra 

IVhence 

Cliamage of the mtetsection point = 

Deduct tangent length — 

Chainage of the beginning of the curve = 

Add length of the curve 4- 

Chamage of the point of compound = 
curvature 

Add length of the curve + 

Chamage of the end of the curve = 

Example 4 —Two straights and BC inteise^'t at 
chanage 1612 5 m the deflection angle being 48* 24 It is 
proposed to insert a cin ular curve of 100 m radus with a 
transition cur\ e GO m long at each end The circular oun e is to 
be set out with p“gs at 25 m inten als and the transition cun e 
With peg> at 13 m intervals of through chainiwe ^lake all 
the necessary calculations for setting out the combined cur\ e 

Data — A = 48® 24 R = 300 m L 60 m 

(i) Shift (S) = = — =0 5 m 

24 X 300 

(ii) Tangent length (T) = (R + S) tan — 

= (300 + 0 5)tan 24* 12 = 135 1 m 

Totaltangent length (BT) =T +ii = 135 1 + 30 = 165 l m 

, V c , , / V Lxl80* 60X 180 „ 

(ill) Spiral angle (tf,) = = = 5 729 

‘ b V w 2X300 X't 

Centralangle = A — =48® 24 -5 "3x2=36 *94=36*56 4 
(i\ ) Length of the circular cur\e (/) = 


3T1 0 m 
179 2 m 
191 8^ 
l"8 1 m 
369 9 m 

1"8 1 m 
548 0 m 


?r X 300 X 36* 94 
180® 


193 4 m 
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Cheti. — of the ci-cular c-rre (/) = 

== 4 _ gQ _ 2^3 4 _ 6Q 0 = 103 4 El. 

180“ 

(T) Ch.i.a'’'^ — 

Cbainst^ th ia*e*^bca pojit (B) — T642 Sn. 

Deduct *3n"eat length (T) — 135 1 m. 

ChEEia~ o' Tj = laOT 4 n. 

D‘*d-c“ half the o' the *^n»itioa curve — 30 0 o- 

Chaina^e o' to* be^no o n; (T) of the = 14T7 4 in, 

*-ans noa curve 

Add lea~tli o' the traa-idoa curve (D) 60 0 o» 

Charaa"* of the juactioafE)oIlh* traa*itJon =loS7 4 to. 
curve wita the cirealA* carve. 

Add leagta o' th* ctrcular curve (f) — 103 4 a . 

CcAJia* o' th* juncOca (£ ) of the «?cnlar — 1“S0 8 m 
CUT* with tc* traasitjon curve 

Add lea^h of t*-* fraasi“ioa curve (L) 0 

ChaiaA'** of th* ead (T')©' the traasiLoa curve ~ 17&0 S is. 

Che^^ — L^nitth of the coabjied curve =103 4 — 2X8® 

» 313 4 jn. 

Cbaia o' T = cbaia.."- of T — Icusth of the conihnied 
curr* = 14“ 4 — 313 4 = I*'®© S ra. 

n D*5“ctiOD e> fo^ th* £r^ trua> doa curve — 

B ISW>P 

'■RL *" X 300 X 60 10- 

Coa.2S<'*o'T =14-7 4 0. 

, o'tb“l<^poJi*-' l^SO 0 f — 2 e m Xi= ^ — =12 9*=^=- 
10 - 

17 6* 

cf*h*2ad , — 14*>5-0atJ=l"' 6ia «<*=* -—^O-seEuas 
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,, of the 3rd „ =1510-Om;Z=s32-6m, 33-S3mms 

lOTT 

47-62 

„ of the 4th „ = 1525 •0m,Z=47*6m, *< 4= = 72*11 „ 

„ofthe5th„ =lS37*4m ;Z=60m , =114*7 

10?r 


Check' e<| = 


X 5“ 729 = 114 7 rams. 


(vu) Tangential angles, and total tangential (or deflection^ 
angles for the circular are : — 


where A “ the total tangential angle 
Cbauiage of E = 1537 4 m 

„ of the 1st point on the circular are = 1550 0 m 
Length of the first subchord = 12 6 m 


300 

Chainage of the second point = 1575 0 m 
length of the unit chord = 25 m 
1718*9 X 25 


**■ Sj 


143-2' =2'’23'*2 
= 58 


300 

= S, = 54 = 

Chainage of the last point E' = 1730*8 m 
The length of the last sub chord = 5 8 m. 


= 33'*70 


• 5 ^ ^ 

* 3 TO 

Now 

12 * 21 ' 

Aj— Sj-f5j=l'’ 12*21' +2®23*2'=3®S5*41' 
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A,“ Sit 32+53=1“ 12 21 +2(2'’2S 2)=5'’58 61 
A 4 = Si+S2+Sj+Si=1®12 21+3{2“ 23 2) — 8'’21 81 
A 5—S1+ §2+83+54 + Ss= I*!** ‘*l+4(2“23 2)=10'’45 01 
Ag=S,+ S2+S3+S, + Sj+S,— 21+5{2 23 2)-13'’8 21 
Ai=Si+ 82-^ Sj+a, + S5+S,+S,-1“12 21 + 6(2“23 2) 

= 15*31 41 

Ag-Si+Sj+Sj+Si + Sj+S.TS +Sg-l*l‘’ 21 + 7 (2* 23 2) 

= 17*54 4 

A9 = Si + 8g+53-84+S54 Sg+S, + S, + 8g-l° 12 21 + 

7(2" ‘’a 2) +33 "0 = 18*28 31 

Cheek — As shouldequal J (A“ 2#^) — J (36*56 4) = 18*28 2 
(vm) Deflection angles for the second transition curve — 
BY ^ = _i!_rmo 

100 TT 

In this case t should be calculated from T and net from E 


Point Chainage 

E 1730 8 

1 1740 0 

1760 0 

1775 0 
T 1790 8 


I 

60 

45 8 


15 8 
0 


C< 

60* 
lorr 
45 8* 
ion- 
30 8* 
lOTT 
15 8* 
lOjT 


= 114 7 


= 66 77 


= 30 20 


= 7 947 
= 0 


nuns 


(ix) Offsets from the tangent TB 


By 1/ = 


a* 


ir» 

m 

6x300X60 


Vi 

Vt 


<* 6* 
108000 
17 6* 
108000 


= 0 00016 m = 0 16 mm 
= 0 05048 m = o 05 cm 
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= 0-3207 m =82-1 cm. 


• —0-9986 m = 99 9 cm 


Check •— jTj =45 =4x05 = 2 m. 

(x) Offsets from chord • — By 0® *= — ) 

2R 


Here 6i = 12-6 m; 63 = 63 = 

69 =5*8 ra 


6 ^*_ 1 62» 
2R 2l<300 


69 = 25 ra 


= 0 2646 =26*5 era. 


25 (12 6 + 25) 

^l-5C3m =1 50 m 


=2-074 m as 2 07 m 


n _ 5 8 (25 +5-8) 

=»-=”5'-»=S0 cm. 

(>ti) Offsets from the tangent T’B from the second t.ans.t.on 

curve at T' By t; = * be,„g measured from T'. 


= 0*8898 m = 89 0 cm 


« 0*2707 m = 27 1cm 


- ^ 0 - 03 654ni ^ 3.7 cm 
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Example 5 — Two straights AB and BC are intersected 
by a third line EF the angles AEF and EFC being 135® and 
150° respectnely It is proposed to introduce a eompotind carve 
tangential to AB EF and BC The radii of the two branches 
of the curve are 320 m and 400 m respectively The maxi 
mum speed is ''2 km per hour and the chainage of B is 2210 0 
m Compute the necessary data for the location of the 
curve if the transition curves are to be inserted between the 
two branches and at the junctions with the straights AB and 
BC Take the distance between the centres of the rails =l 62 m, 
(Fig 81) 

^**1 X 1000 

(0 ''21m per hT= = 20 m per second 

60 X 60 ^ 

Now cant on the first branch (Ai) =■ = 1 62x20 

gR 0 81x820 

« 0 2004 m 

* It o u 1 62x20* 

cant on the second branch (A*) ss s 

gB 0 81X400 
» 0 16Slm 

(ij) Length of the transition curve — Assummg that the 
cant IS applied at a uniform rate of 1 m 300 we have 

Length of the first transition at the junction with AB 
(Li) = nAi = 300 X 2064 = 61 92 say 60 m 

Length of the second transition curve at the junction with BC 
(Lj) _ nA = 300 X 0 1651 = 49 53 m say = 50 m. 

Length of the third transition curve at the junction (G) of the 
two brand es (Lj) = n (Ai — kg) — 12 89 m say = 10 m 

(ui) Shift — By S =— 

2411 

Shift of the first branch = S. = — = 0 4312 m 

21 X 320 

, second — S* = = 0 2604 m 

24 X 400 
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(iv) Tangent length ; — 

Deflection angle for the first branch= 180® — 135® = 45® 
„ „ second „ = ^ = 180* — 150® = 30® 

N'ow EG==ETi= (Bi + Si) tan -!i = (320 + 0'4312) tan 22® 30' 
= 1S2-6 m 

FG = IT'i= (Ba + Sj>tan -1=(400 +0-2604) tan 15® 

«= 107-3 m 


EF =EG +FG =132-6 +107-8 = 2S9-9m 


Now consider the ^ BEF. 

Bj,_.239_9^m 3^: 

Sin 105* 

« 124-3 m. 


By the sme rule, we get, 
BP 0 s m 45° 

SID 105° 

=. 174-7 m 


Hence BTi = BE+ETi =124-8 + 132-6 = 250-9 

BT'i=BF+FT'i = 174-7 + 107-3 m = 282-0 m. 
Now chainage ofB *= 2210-0 m 

„ of Ti = 2210-0 — 256-9 = 1953- Im 
„ ofT =1953-1 — 30-0 = 1928-1 m. 

„ of El (end of the first transition curve) 
« 1923 1 + 60 = 1983 • 1 m 


(v) The offsets for setting out the first transition cur^-e (hj) 

, . 4St X* 

at 10 m interval from equation y = — are 

la* 


yi = 


Vi = 


Ui ~ 

Vi = 


4X(0-4312) X10* 

60* 

4X(0-4312)X 20* 

60’ 

4X(0-4312) X30* 
60* 

4 X (0 4312) X 4 * 


= 0-0080m= 8mm 

= 0 06380 =6 39 cm. 

ss 0-2156 m. 

= 0 5111 m 


60* 
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_ -lX(0 


4X(0'<13I21X60« j ^ 


Similarly, for locatmg the second transition curve (L,), The 
oITsets from equation y = ^^*-5 at 10 m intervals are: 


4X0 2G04X10® 


= 0 0083 m 0 • 83 cm. 


y, = ^XO 2004X 2 0 ^^ ^ ocerm^e OTc 


Vi = 
Vi = 

Vt - 


50» 

_4X0*2C04X3O» 
50^ “ 

.4X0 2C04X40’ 
50» 

4X0 2001 X50> 


0 223 m. 
0 5333 m. 

= 1*0416 m. 


Example 6 — It u proposed to connect the straights AB 
and CD by a composite reverse curve with the pomt of reverse 
curvature on BC Tlie pomts B and C are the intersections 
points of the tangents of the first and second circular curves, 
which have a common radius R metres. The transition curves 
are to be introduced at each end of the circular curves. Given 
the following total co-ordinates of A, B, C and D, and that 
the length of the transition curve is 4'472 ■\/R”raetres, find the 
common radius of the circular curves (Fig. 85). 


Point 

\ 

B 

C 

D 


Total Bat. 
in metres 
-f Til -6 
-f T69-2 
+ 1435-6 
+ 1448-4 


Total Dep. 
in metres 
-It 8309 -6 
-f 3792 C 
-t- 4249*0 
-f 4691*2 
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(0 Let «<i, «<g, and eCj be the reduced bearings of the 
hoes AB, BC, and CD respectively. 



Fig 85 


Then by tan •<. 


dep , 
lat 


the bearings Ki, •<,, and ^<3 are 


tan e<^ 
tan <j 
tan .<3 


_ (8792 0 — 8809 C) 483-0 

(ro9 2 - rii - 0 )“ “ 5r“c 

_ (4249'0 — 3r92_6) 4S7’0 

~(ua5 6 — rC9-2) “ 606'4 ” 
{4691-2 — 4249 6) 441* C 

“ (1448 4 - 1435 6) “ 12-8 


= N.83"12'E. 
= N.84- 27' E. 
= N.8S-20'E. 


Deflection angle (^j) between AB and BC 
= 83* 12’ — 34” 27' = 48* 45'. 


Deflection angle ( A*) between BC and CD 
« 88* 20'— 34* 27 =53* 53' 

(u) Length of BC=(1435*6— 769*2) sec 84*27' =808*2 metres, 
(in) Shift; — Length of the transition curve = 4.472 ■v/'R~ 
T * 

.*. S= =0*833 metres 

24R 


Total tangent length o! the first circular curve 
= (R + S) tan + — 


= (R -f-0*S33) tan 24* 22' *5 -f 4 472 


Vr . 
2 
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Total tangent length of the second circular curve 
= (R + 0 833) tan 26* 56' 5 -f 4 472 

Now BC = the sum of these two tangent lengths 

BC = (R + 0 833) (0 45309 + 0 50825) + 4 472 
= 808 2m 

0 98134 R + 0 833 X 0 96134+ 4 472 
= 808>2m 

R+4 652 VrT = 840 1 

Solving this quadratic equation, we get 
26 75 m R = 715 4 m 
Vertical Carves 

When two different or contrary gradients meet, they are 
connected by a curve in a vertical plane called a vertical cune 
It IS advisable to introduce a vertical curve m road and railway 
work m order to round off the angle and to obtain a padual change 
m grade so that abrupt change in grade is avoided at the apex 
Hie vertical curve may be a circular arc or an arc of a parabola, 
but for sunphcitj of calculation work, the latter is preferred 
and IS mvanably used 

The grade or gradient of a road or riilway is expressed in 
two ways 

(i) As a percentage e g 3% or 1 5%, and (u) as 1 in R 
where n is the horizontal distance m metres corresponding to 1 
m rise or fall eg ■* in 80 or 1 in 100, an ascending or up grade 
rising to the light being denoted by a plus ( + ) sign and a 
descending or down grade falhng to the right by a minus ( — ) 
sign 

For first class railways the rate of change in gradient recom 
meceded is 0 1% per 39 la statioa st summits end 9 05% per 
30 m station at sags Twice these values are adopted for 
second class railways 
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For small gradient angles there is hardly any difference 
between a parabola and a circular arc 

Tvpes of Vertical Curves — 

(1) An up grade followed by a down grade (Fig 86 ) 



(2) A down grade followed by an up grade (Fig. 87) 



Fig 87 Sag oc Concavs 


(3) An up grade followed by another up grade (Fig 88) 
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(4) AdoTTOgradefoUoTredbyanotherdowngiade (Fig. 89) 



Properties of the parabola — 



Id Fig 90, let 

OX and OY = the axes of the rectangular co-ordinates 
passing through the point of beginning (0) 
of the vertical curve 
O = the OTigm of the co-ordinates 
OA and AB = the tangents to the vertical curve 
+ ^i% = the grade of the tangent OA 
-gs% = .. « « AB 

XI == any point on the curve whose co ordinates 
are x and y 

Now It may be shown that the equation of a parabola with 
respect to OX and OY is . y = c** -f- g^x ... (82) 
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Now OK = X ; ICM = y ; KN = giX , and NM = IO»' — K3I 
/. NM =gix —y ~ — «* 

from which it follows that the vertical distance from tne tangent 
to any point on the cur\ e varies as the square of its horizontal 
distance from the point of commencement of the curve (the point 
of tangency) This v ertical distance is called the (arigenl 
eornciion. As the vertical curve set i-» out with respect to the 
tangents, the equation y — in which y represents the tangent 
correction, ma}’ be emplov ed to calculate the tangent corrections . 

Note — In order to obtain a true curve, the ordinates 
(offsets) should be parallel to the mam axis But in practice, 
they are made vertical to sirophfv calculations ^Vlien the grades 
are equal, the theoretical condition is fulfilled. But when the 
grades are unequal, the mam axis is slightly tilted Consequently, 
there will be o slight distortion by making the ordinates verti- 
cal instead of making them parallel to the tilted axis How- 
ever, for all practical purposes, it is negligible and calculations 
ate made on the basis of vertical offsets 

y = cx* 


^■y _o 


=z 2 c = a constant 


This shows that the parabola gives an even rate of change 
of gradient 

Whena;= 2l = L 


100 


c 4 n 


c 


gi— gj 
4001 


('3> 
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y 


\liien X 


I* 

400i 


I 



= =r FE. 

400 

In the aboAe expressions (gj — gf) denotes the algebraic 
difTerence of the two grades 

Knowir^ c, the tangent corrections (or tangent offsets) 
7na% he computed m the following wa> s 

Fust 'Method By Tangent Corrections - Let the chainage 
and elevation of the apex A be gi\en 

(1) The length of the curve on either side of A being I m* 
determine the chamages of the points of tangency (0 and B) 
(Fig 86) 

Chamage of O ** cbamage ©f A — 1 
oEB * , ofA + Z 

(2) Knowing the grades of the tangents OA and AB, and 
the eles ation of A compute the elevations of the tangent points 
O and B 

Elevation of O — ele\ ation of A — 

100 

E levation of B = elevation of A — — 

100 

(3) Compute the tangent corrections from y 
the stations on the curve 

* 

(4) Determine the elevations of the corresponding stations 
on the tangent OAC 

Elevation of tangent at any station = elevation of the 
point of tangencv (O) + x gi 

where x = the distance of that station from 0 
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(5) Find the elevations of the stations on the curve b> 
adding algebraicallj the tangent corrections to the elevations 
of the corresponding stations on the tangent OA (tangent 
elevations) 

Elevation of the station at a distance x on the 
curve = elevation of the station on the tangent d; tangent 
correction i/x 


Tlie results may be tabulated as under 


Stat oa 

1 langent 

Chainage or grade 

1 Elevation 

1 Tangent Elevation of I 

j Correction j the curve 

Remarks. 


1 i 



Alternative Method —The alternative method of calcu 
latmg the tangent corrections is as follows (Fig 86) 

In this case the tangent corrections are calculated from 
both the tangents OA and AB 

(1) Calculate as before the elevations of the points of 
tangency (0 and B) 

(2) Fmd the elevation of the mid point E of the chord 
OB (the line joining the points of tangency) 

Elevation of E =» i (elevn of O + elevn of B ) 

(3) Determine the elevation of the mid point F of the 
vertical curve by finding the meaa of the elevations of the 
mid pomt E of the chord and the point of intersection A ot 
the two tangents 

It may be noted that from the properties of a parabola 
the mid pomt E of the chord OB is situated on the \ ertical 
through the point of intersection A of the two tangents and that 
the mid point F of the vertical cune is mid way between tl ese 
two points 

Elevation of F = J (elevn of E -j- elevn of \) 

Hence the tangent offset from A to the cur\e = AF 
= elc%Ti of A — elevn of F 
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(4) Compute the tangent off^ts from the tangent 0\ 
to the various points on the curve using the well known pro 
pertj of a parabola that the tangent offset is proportional to the 
square of the horizontal distance from the point of tangency 

The corresponding offsets from the other tangent 
have the same values 

(5) Hainng obtamed the tangent corrections find the 
ele% ations of the points on *he curve as explained above 

Second Method By Chord Gradients — In this method the 
successive differences m elevation between the points on the 
curve are calculated the differences bemg called the chord 
gradients The elevation of each point is then determined bv 
adding the chord gradient to the elevation of the precedmg point 
ss ith due regard bemg paid to the signs of the chord gradients 



Fig 91 

In Fig 91 let AC and CB = the tangents to the vertical curre 
meeting at C 

s= tie grade of AC 
= of CB 

= the points of tangency 
s=* the successii e points on the cune 
at an interval of I metres 

Through K draw a veatical line meeting AC m Kj and the 
horizontal line AD through A m K« Similarly, draw the vertical 
Ime through ’ll meeting AC and AD at llj and Jig respectiv el> 
Through K draw a horizontal fane, cutting JfjSIj in 51, 


+ gi% 
-g % 

A and B 
K, M etc 
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Now the difference m elevation between K and A = KKj 

= KjKa - KiK. 


Bur K 1 K 2 = and K^K = 
100 

equation y =» cx* 


gt-ga , 
400 ; 


g. I 


= Cg from the 


Sunilarlv, M^M, «?ii.i;MiM^4Cg;M3Ms=KK2 = 

100 100 
The diffetenee m elevation between M and IC 
*= MMa=» SIiMj - M,M - M3M2 


2«il 


-4Cg-^?li _c«') = €Li a 

Voo / 100 


or the second chord gradient — 8Cg 

the Nth „ „ « - (2N - 1 ; 

100 

Hence, elevn. of K = elevn of A +{ — Cg^ 

VlOO / 

„ of M = elevn.ofK + r — -SCg'i 
’ VlOO "/ 


(84) 


To determine the length of the vertical parabola connect- 
ing two grades when it is made to pass through a pomt at a 
gnen distance above or below the point of mtersection (apex) 
of the two grades, we proceed as follows ; 

Let gi and g* = the two grades. 

p = the distance above or below the apex 
I — length of curve on either side of the apex. 

From the equation of the parabola y = ci*, we have 
y, « cl*, where c = ^ tangent offset 

at a distance I metres from O. 



214 


SUXTZTEtB ASD LETZUCO 


jr = ^ I e. p 


— &)r 


400p 


. Hencs the length of the parabola = 2/ 


Location of Hl^he^t or Lowest Point — ^The position ac^l 



Fie 3“ 

elevation of the highest point (Summit) (Fig 92) or the lo^t 



P«; 93 

point at sag (Fig 9^) may be calculated as foDows ; 

In Figs 92 &. 93 let P be the required pomt at a dist^oc 
X m from the beginning \ of the curve The tangent to the ca’rc 
at this pomt P b^g a horizontal line, its slope is zero 
The general equation of the parabola is y = a* 

The slope of the tangent at anj point on the parabola 

Since ♦he slope o' tangen* at P = 0, we hare 

2ri — gi = 0 o- X = — — 

2c 

m which c = 


400f 
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Knowing the distance of P from the beginning of the curve 
the tangent correction at P may be computed from y == cx^, which, 
when added algebraically to the elevation of the corresponding 
point on the tengent, giv es the elevation of P 

Elevation of P = elevn of the tangent at P ± tangent 
correction at P 

Length of the vertical curve — The length of a vertical 
curve IS influenced bj (i) centrifugal effect and (ii) v isibihty 
IVhen sags and summits are formed by flat gradients centn- 
fugal effect is the chief consideration while at summits 
vvhere the algebraic change of gradient is large, visibility is 
the main consideration 

Centrifugal effect A minimum radius of 1000 m should 
be used at bron s and sags Tins giv es a centrifugal accelera- 
tion of 0 76 ra/sec* at 100 km p h 

Parabolas on vertical curves can be approximated to 
circular curves If R is the radius of tlie curve, 


1 

IT 

R 


» 2 

4001 

~~§z 


gt-gj 

2001 


Lmin witli R 


1000 =* 


LOOP (g, -g.) X 2 
200 


= 10(gi-g.) (86) 

Thus if two lin 2 j gradients meet in a sag, the mmiraura 
length of the curve should be = 10 (4 + 4} = 80 m 

tA,t summits where speeds of 100 km ph are contem 
plaed the requirement of visibiUtv i c the sight hne will 
lead to longer curv es than one obta ned b> the above for- 
mula 

Sight distances Let two points on the curve at a height 
*h’ metres from the ground be intervisible and let the 
distance between b’ S A value of 1 1 m is usually taken 
as the eve level height above the road surface for an 
observer sitting in a car Sight distances are laid down m 
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the interest of road safely and die choice for any distance 
depends on the nature of the road and the speed of the 
traffic using it. 

There are three cases to consider (a) Sight distance equal 
to the length of the curve 



Fi-’. 94 


S«2Z and E F « A =» €!_1* 1. 

400 

Gnen A> j I maj bedetermined and theofTsctscomputed 

from y ^ x* 

\ 4001 / 

(b) Sight distance longer than the curve. 



Fig 93 

A=GK+KJ=GK+EF=GK+Ar 
Height of A above O == 

100 

i£ + i£ 

100 lOO’ 


Height of B abo%e O 
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The angle between 0 B and the horizontal 

„ J_ (gi~&) „ 

100 2[ 200 

/ KOG = -*!-- ?L±£= ~Jj‘ radion', • 
100 200 200 

But OK = A _ ; 


h « KG-f-AF 

( c ) Sjght distance less than length of t)ie curve 
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But JO = Er 

■ 

S" 

I 


(S. - 8-' S= 


Examples on vertical curves 

Example 1 Find the lengtli of the ^ ertical cur\ e con 
necting two uniform grades from the following data 

(a) +8% and - 6% 

rate of change of grade = 1 % per 30 ra 

(b) - 5% and+X% 

rate of change of grade = 05% per 30 m 
(a) Total change of grade = the algebraic differe"'*e of 
two grades = 8 — ( — 6) =14 


Length of the cur\e = ' X SO 
= 420 m 

(b) Length of the curve = x SO 

05 

= ^ 30 = 900 m 

05 


Example 2 — Calculate the reduced levels of the variois 
station pegs on a vertical curse connecting two unifonn grades 
of + 5% and — The chainage and tlie reduced level of 

the point of intersection are 500 m and 350 750 m respective!} 
Take the rate of change of grade as 1% ptr 30 m 
(i) Length of the vertical curve — 

Total change of grade = 5— ( — 7) =12, 

Rate of change of grade per 30- m chain = l°o 

. Length of the vertical curve = 30 = 360 m 

•1 

Length of the curve on either side of the apex = 180 in 
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(li) Chamages of the tangent pumts of the curves : — 
Chainage of the point of intersection = 500 m. 
Chamage of the beginning of the curve (first T. P.) 


= 500 — 180 =320 m 

„ of the end of the curve (second T. P.) 
= 500 +180 = 680 m. 

(ill) Reduced levels of the various points — 

R. L of the point of intersection -= 330 75 
R. L. of the beginning (O) of the curve 
•5x180 


= 330 75— - 


100 


= 329.85 


R L. of the end-point (B) of the curve 
7 X 180 


' = 829 49 


„ of the mid point (E) of the chord OB 

= i (329 85 +829-49] = 329 27 
I, of the vertex (F) of the curve 

= HR- L of E + R. L. of A] 

= \ (329 07 +8S0-75] = 880 21 
The difference AF between A and F 

= 330 75 —330 21 = 0-54 m 

Chech with thefoimuiaAF= ^ / =* X180=0 54 

400 400 


(n) The reduced levels of the points on the curve may 
be calculated by applying the tangent corrections to the reduced 
lev elsofthe corresponding pomts of the tangents as shown below. 

First point on the curve chamage 3o0, R. L. of the first 
point on the tangent = R. L. of O — 0-15 
= 329-85 + 0 13 = 330 00 
Tangent correction at this point on the curve 

^lyxAF =0 015 m 

R. L. of the first point on the ciin-e = R. L. of the 
first point <rn the tangent — tangent correction 

= 330*00 — 0-015 = 329-985. 
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Similarly, at chamage 380, R L of the second point on 
the tangent =329*85 + 0*30 = 330*15 

Tangent correction = X 0 54 = 0*OG 

R L of the second point on the curre =! 330*15 — 0 06 
= 330*09, and so on. 

The tangent corrections on the other side of the point of 
intersection are exactly the same 


The results may be tabulated as under : 



Cbaioage 

Gfa6« 

Elevation 

langest i 
Correctioa ' 
(-«) 

Curve 

Elevation. | 

Itemarts 

0 

goQ 

329 So 

0 j 

a'o SW j 

begmmnj oi 
the cvr\e 

1 

3o0 

330 00 

0 015 { 

; 329 OSj I 


2 

380 

330 1» j 

0 060 j 

330 090 . 


3 

410 

*130 30 

0 13.1 

330 16» 1 


4 

440 

330 45 

0 240 i 

330 210 1 


5 

470 

330 CO 

0 375 

S30 225 


6(F) 

^ soo 

330 75 

0 540 

330 210 

vertex nfthe 
enrre 

7 

530 

330 54 

0 37o 

330 165 


8 

560 

330 33 

0 240 

330 090 


9 

590 

330 12 

0 135 

329 985 


10 

620 

329 91 

0 060 

329 850 


11 

6o0 

-0 

0 015 

685 


12(B) 

CSO 

329 49 

0 

: 329 490 

end cf the 
curve 


Example 3 — A down grade of 1*5% is followed bj an 
upgrade, of 2 5% Tlfe jvditceS ktsi iL\pp£u.ot. nf mtersection 
IS 70 00, and its chamage 360 m A vertical parabolic curve 
120 m long is to be introduced to connect the two grades The 
pegs are to be hxed at 15 m intervals Calculate the elevations 
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of the points on the cune by (a) tangent corrections, and (b) 
chord gradients, and (c) the staff readings required, if the pegs 
are to be dn\en TMth their tops at the formation of the curre, 
given that the height of colhmation is 72 18 

( See Tig 87 ) 

(i) Tangent corrections — Ihe tangent corrections ma\ be 
calculated bv y = cx~ 

Noi” = — 1 5% , g_ =+ 2 » length of the cur%e on 

either side of the apet A =s hO m 

No of stations on eitlier side of the apex = 1 
15 

Fall for 15 m »= • - I 5 » 0 225 m 


Rise for 13 m =* 


15X25 

100 


0 375 m 


gi 

® “ 400 i 

Tangent collection 
for the first point 


000 J 

— 0 03 V m 


bOOO 

s — 3 80 


Tangent corrections for the other station points can be obta- 
ined b putting 30, 45, 60, 75 90 lOo and 120 in place of 15 
in the nbo%e expression 

Chamage of the intersection point A = 300 m 
Chainage of the beginning of the curve (0) = 300 m 
Chamage of the end point (B) of the cur\e = 420 m 
No'n R L of A =70 00 

1 5 

R. L of 0 = 70 -h X 60 = 70 00 

2 5 

R L of B = 70 -r^nwT X 60 = 71 50 
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1 chainage 315 

100 

2 ,, 330 


-3Cg = 


R L of 1 = 70 700 





iiL 

100 

— sCg^— 0 037 

All 

100 

— 5Cg = — 0 037 

8 

„ 45 



R L of 3, 70 559 


iiL 

100 

_ 7(g~— 0 038 

4iL 

100 

— 7 Cg = - 0 OSS 

4 

„ 360 



R L of 4 70 50- 


JlL 

100 

— 9 Cg= + 0 113 

gl^ 

100 

— 9 Cgs* -r 0 118 

6 

„ 375 



R L of 6, TO 710 


ilL 

100 

— 11 Cg= +0 188 

gj 

100 

--llCg= -LO 18S 

6 

„ 300 



R L of 6, 70 898 


JiL 

100 

- 13 Cg= + 0 2G3 

SjL 

100 

— 13Cg= “ 0 263 

7 

.. 405 



R L ofT 71 101 


gj 

100 

— I5rg= + 0 338 

§,z 

—15 Cg = —0 338 

8 

„ 420 



U I of 8, 71 4)0 


Example 4 — Calculate tljc length of ^erti^’a! cut\e for 
the data gi\en below 

(i) Sight distance = twice the length oC\ertical curie 
5i = 1% 
gt = -I 5% 
h «l*12ni 
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00 


Si^ht distance = half th» length of the vertical curve 
= 1 5% 

5. = —2 ^°'o 

k = 1 12 m 


(41 - I) 

<') 1 = ^sr ^ <‘-^1 => 

440 = 3i X 2 5 = 7 5 1 
/ — 53 - m sa\ 60 m. 

I. = 2 / «= 120 m 


(u) I 


I 

L 


(1 5-i-2 5) P 
1600x1 12 
1600 X I 12 
4 


448 


21 s! 806 sa> 000 m 


Lemoiscate Carve - The form of the transition curve 
j&dilh used in modern road worL is the Bemoulh s Lemnis 



cate (tig j“ It IS s>'miaetiical cune and well adapted when 
the deflectian angle between the tangents is large It i* 
in preference to the spiral for the foUowmg reasons 


COEVES 


(1) The radius of curvature decreases more gradually 

(2) It fulfils the condition that the rate of increase of curva- 
ture should dimmish towards the end of the transition curve. 

(3) It most fully corresponds to what is known as “ auto- 
genous curve ” of an automobile, i e the path actuallj traced 
by an automobile when turning freely 

Fig 97 shows the shape of the curve m the first quadrant 
OE and OF = the tangents at the origin O 

OA = the major axis of the curve (the polar 
ray making an angle of 45“ with OE) 
BB' = the minor axis of the curve 
In Fjg. 98, let M = anv point on the curve 
MMi « the tangent at M 

« as the deflection angle MMiE between the 
tangents M'Nlj and OE 

p cs OM Bs the polar ray of M, i e the Ime jomiDg 
the origin to the point M 





o< = MOE = the polar deflection angle ofM,i e tbe 
angle which the polar ray OM makes 
with the tangent OE 

fi = OMJli = the angle between the polar ray OM 
and the tangent MMj 

S L II-8 
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The polar equation of the etirve iso=K‘\/sm2< (SS) 

From th“ properties of polar co-ordmates, we hare 

_ dz Keo3 2< 

Un ;5 = ? 3 - T- =-T 

05 dK ^jSBl 2X 

K V sm 2< X Sin 2< ^ 

Iv CO:> 2 «^ 

or / =2 < Now 0 = ^-^/ /exaet) (S9) 

The radius of eurva^re (r) at anv point by the usual fomiula 


fo* polar Cf'-o’tUnates r _ 


{•■-(£)')• 


^jbbtitut’nr the values and . we eet 

d^ d<* * 


E 


3 s 


(OO) 


Substituting the value 


v^e bare 


of K f *= ^ ') in formulaCiO), 

V V sm S 


(90a) 


From equation (‘^O) K — 3r^/ sm 2 •< , and from equation (SS)> 

V^2< = ^ 

K - 3r~ le K* = 3^r or K = V S^r~ (OD 

For small deflection aDgIes( ■** or 3*}, the length of the curve 
Oil = 6r<< (approximate), in which < is m radians 

or Oil = m which < is in degrees (9-^) 
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At the end of the curve r=R; / =:L; 0=0i = 3«< max. 
To determine the position of the minor axis, draw the polar ray 
OB makmg an angle of 15® with the tangent OE (Fig. 92). Draw 
BB' perpendicular to O.A, meeting it m C and the other side of 
the curve in B'. If a tangent be drawn at B, the angle between 
the tangent BBi and OE is 45®. BBi is, therefore, parallel to 
the major avis OA The triangle OBB' being equilateral, 

, — K , 

BB' = OB =s K V sin 30® = Now OA= K V sm 90® = K. 
V 2 

OA BB' 1 1 

BB Of ^'2 “1-4142' 

Radius of curvature at A from equation 90, = -LoA. 

Thus the radius of curvature decreases gradually from infinity 
at the origin 0 to a minunum (JOA) at A (or at 45*) 

Length of the curve OBA = 1 31113 0\ = 1-31115 K 
Two cases will now be considercil. 

Case 1 '—When the curve between the tangents is transi* 
uonal throughout. 

In Fig. 99 let AO and OB = the taaients intersecting at O 



Fig. 9J 
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A and B = the tangent points 

M = the apex of the curve 
OM = the apex distance 
MiSIMj = the common tangent at 51. 

01= MSIiO = the angle between MMj and AO 
01 = MSIjO = the angle between MM* and OB. 
<<n=5tAO = the polar deflection angle of A5I 
A = the deflection angle between AO and OB 

The two lemniscates Ail and B5I joming at 51 are sym- 
metrical about Oil which is the bisector of the angle i.OB 
They are so arranged at il that OM is the common normal 
iliilO = 90° = MjMO 

Now MiliO = 01 = MM,0 and MAO =» = MBO 

A]>o. MiOM =.1 AOB = -i (180° - A) = y 

01 = — . but 01 = 8 Kn 

Hence «< . sJL0,3s J_ A 
8 6 

nhich IS the condition for the curve to be transitional throughout. 

In the A OAil, 0\il = •<„. AMO = 90° + 2 

AOM = 90° — A 
2 

If the apex distance OM and the deflection angle A 
gi\ en, the three angles and one side of the A AOil being known, 
the other two sides Ail and 0\ can be found by the Sine rule 
Knowing the tangent distance OA, the tangent pomt A mav 
be located Since OB = OA, the other tangent point B may 
also be located If, on the other hand the radius at the end (51) 
of the cur\ e and the deflection angle A be given, Ail can be calcu- 
lated from equations (90) and (88) Knowmg Ail and the 
deflection angle A, OA and OM can be calculated Having 
located the tangent points A and B, the first lemniscate 
may be set out from A and the other from B by the method 
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of deflection angles as already explained, for which a table 
giving the various values of < and p may be prepared by 
assuming the successive values of c< and then calculating the 
corresponding lengths of the polar rays to the successive point 
from o = K V sin 2 < 



Figures 100, 101, and 102 illustrate ^iie curve which is 
transitional throughout for defl<‘ction angles of 60*, 120*, and 
180* respectn cl> 


Case II — hen the value of •<« is less than — it is 

C 

ne-essary to insert a circular cune between the tno 
lemniscates the central angle Z9 subtended b\ the circular ire 
being — 20j) = ^ — u *v„ as shown m Fig 103 



Fig 103 
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At M draw KjMK, the tangeat common to both thetransi 
tion curve and the circular arc Through M draw MN parallel 
to AOi and draw JIMi and NNi perpendicular to AO 

Then the tangent length AO = AMj + MjNi + NjG 
Now AMi = pn cos •< a, MMi = p„ sin =< n = NNi 

In the A OiMN, MOiN = 0 . MNO, = AON = 90® - A 

O^M = R 

Now AIKOi = KKjO + KOK, 90“ - 


AIN _ sni MOiN 

OiM “ sin MNO, 


n(A-,,) 


-f) 

=s R ^cos «i tan ^ — sm ^ 

''iNi = AIN R (cos tan — — sin ^i) R being the 
2 

adii ' 1 1 the circular arc 

NjO = NNi cot ^90“ — — ^ = p„ sin i< n tan 

AO = p„ cos o<n+R (cos 01 tan — — sin 0i) + pnS>n 


Example 1 — Given that the deQection angle (,A) between 
the two tangents is 120“ and the apex distance 16 m The curve 
IS transitional throughout Make the necessary calculations for 
setting out the curve (Fig 99) 
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In the AAOM OM = 16 m 

MO\ ==90° — A = 90* — 60" = 30° , OA.M = ^ = 20° 
2 6 


AilMi = 2 < „ = 40° AMO = 
OA = OM ® 


sm 20° 

smOA^I sin. 20 
Now from equation (88) K s 


10° + 2 -in = 130° 
= 3j St m 


s 23 38 m 
23 SS 


%/sin2«< Vsm i0° 

The polar equ'ition of the cur\e is p » 29 1C ■v/sm 3 < 


Now calculate p for different values of *< and tabulate the 
results as under 


•< 


K 9 m m Formula 


2° 30 
0 

7° 80 
10 ° 0 
12° 30 
ls>' 0 
17° 30 
20° 0 


29 16 8 61 p = 20 16A''sm 2 < 

12 15 

14 84 
1" 06 

15 96 
20 6** 

22 09 

23 38 


Example 2 — Two straights intersect at 66 4 m the de 
flection angle being 1"0° The cur%e is transitional through 
out and the mmimum radius of cur\ ature is 60 m Make the 
necessary calculations for setting out the curie (Fig 99) 

ii Ae/Oi**? n “ ^ il — W° 

6 


Now from formula (90) K — 3Rv^sin2 


= 3 X 60^810 40° = 144 33 

Now bj formula (88) p, — 144 SSVsm 10°=lla AM 
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Tangent length 


OA = AM 

= 115 


sinA3IO 

smAOM ~ 
sin 50“ 
sm 30“ 


sm 130“ 
sm 30“ 

17- 39 m 


The values of p for the vanous values of cc maj 
latcd as above from equation c = 144 33 %/sin 2 < 


be calcu 


PROBLEMS 

1 What IS meant by a tiaBsitioncmre t What are the different forms of a 
transition curve T Give reasons for introdneing a transition Bvrve betaven 
a tangent and a eircnlar carve on a road or railway 

” What 18 mean bv an easement carve * t Derive axi espresuoa for the 
ideal trans loncurve What are the modifications of the ideal transition 
curve ’ 

3 What IS meant by shift ofacnrvet Denveanexpressionfortlie same 
Explain how yon would set out a transition cmre 

4 Explain the vanous methods of detcrmitung the length of a trans tion 
curve 

5 Explain how you woold eel out a transition carve (a) by deflection angle, 
and (b) by taan&t offsets 

6. Explain cleariy the proeedon? adopted lo setting ont a cocab acd ( or com 
posite) curve (a) bv means ofatheodobteand (b) with a chain and tape 0°^? 

“ What are the diEBcnlties id setting out sunple curves ? Describe briefly 
the methods employed m overcanung them 

8 Wnte brief notes on the following — 

(l) Cub 0 sp ral (u) Verti al c irve (m) Reverse curve, and (iv) Compo md 
curve 

9 Two straights on the eentie line of a proposed railway curve intersect 
at “'610 0 m the defietion angle being 46* A circular curve with 400 m 

radius and transi ICO curves vreto be inserted the latter beingOOmm 
length Msse all necessary calculations to set out this curve bv d fle 
ctioQ angles Pegs are to be set out at every 30 m of continuous chainage 
T 1st trans tion curve deflecti<ai angles 2o* 19 40 1*7 34 S'" S 54 

( Ans Circular curve deflection angles 22 10’ 2 31 o*4"400' 6*4 S o5 
8*o7 51* n'6 46' 13*13 41' 15»«4 36'. 16*33 *8' [ ( i 33“ H)] 
2nd transition curve deflection angles 2* 3 51* 1*31 58' 33 42' 4 05 
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10 Two tangeots intersect at 2S65 m the deflection angle being 52° 30 It 
IS proposed topntiaaciTci)laiciii«eDl4S0 m radioa with a cubic parabolic 
transitiOQ carve 60m lO lengthateacbend The circular curveis to be set 
oat with pegs at every 30m and the transition curve at every 15 m 
of through chainage Tabnlate the data relative to stations at ch 
2640 and ch 2“00 and the junctioas of tl» transition carves with the 
circular arc 

( Ans deflection an^le @ ch 2640 ^ 34 54' 

deflection angle ^ ch 2588 11 ^ 1°11 36' 

deflection angle @ cb 2700 = 2°S0 

deflection angle @ ch 3037 99 » 22 42 ) 

11 A reverse curve AB is tobeset ont between two parallel railway tangents, 

12 m apart If the two arcs of the carve are to have the same radius, 
and the distance between the tangent points A and B is 96 m, 
calculate the radiua The curve m to be set out from A B at & m 
intervals along that line Caicniate the tangent oSsets 

lArs foreach branch Om 0 84$m, 1 328m. 1 488 m > 
'' I 323ro 0 MS m Om J 

12 A vertical parabola 1*^ m long, la to he pnt in between a 2 per cent up 
grade and I per cent down grade whiebmeetat aehainage 600 m The 
reduced level of the point of iat*rsectioo of the two gradients being 
loO 00 m Calculate the reduced levels of the tangent points and 
at every 15 cn along the parabola 

[Ans R b 148 8 149 073 149 2S9> 149 448 149 5 j 0, } 
U9 oOb 143 uSO 149 o23 149 4 

13 CD and £F are two straights each that C and T are on opposite sides of a 
common tangent DE It is required to connect CD and EF with a reverse 
carve given that the angles CDCand DEF are 151* 40 and 142° 20 respee 
(ively, and that DE 372 9 m and the chaioage of D 2o34 4 m C^culate 
(a| the commoa radius aud the chaioage of the potuts of taogency aud the 
point of reverse curvature and (b) th* total tangential angle of the point of 
reverse curvature 

{Acs 23 o 4 m 268“ 1 m 5101 Im 14°10 32') 

14 On a proposed ruilwyy two straights inters'ct at chuinge l7o3 5 rn with 
a right deflection angle of 36*24 It » proposed to pnt in a circular 
curve of 4 j 0 m radius with a cubic parabobc transitions at each end 
The maximum speed on this part of the railway 6o km per hour and 
the rate of acceleration is 0 3 m per sec® Find a suitable length 
for the transitioa curves and calculate the chaiage at the begining 
and at the end of the combined curve 

Describe how you would set out the combined curve by the method of 
deflection angles Alter setting out six pegs (peg interval being 30 m) 
on the circobr are of the combined ewre, it is discovered that further 
angles cannot be turned from the exstisg position of the instrumcot 
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OTTingto mterveruDg obslacletotheline of sight Desmoe bneflr 
the method Ton wodd emploiT la setting out the remaiMog po’tien 
of the circnlar entTC 

[Ass iom 15o3 1 ISSl Otn] 

15 Desica a Tertieal cnire ctKmectmg two gradients 2®o to 1 5°g at a 
STunmit (R L. “0 oO ehamge S50 m) The cnrve is to be «nch that 
two points 300 m apart and 1 2d m ahoTe the curve are latemsible 
(Ans Lengthof vertical curve _ 315 m 

oS^t at the intersections pomt 1 3 S m. ) 

16. Two toads having a deviaton of are to be joined bv a simple 

IS” carve Chaina^e at the i.->‘etsection point is ’■8'’0m. Calcinale 
necessarv data and explain in detad how to set out the curve 

(a) bv chain and o&ets onlv 

(b) if a theodojte is avanable 

(\oj — A degree of the corve b the angle sobtended at the eestie bv a 

chord of 30 m length) 

[Ans. offsets from chord produced Oj 1 o m 0««3 903 m O^to 
0,-4 U3m 0,-3 4 »m 

Dedeotioa angles — 3 4 4'% 7*4i4' 

A - 0 1» ) 

17 Two tangents meet at cbamage 1032 m the defection angle heug 36* 
A cocolar curve o tadub 300 m is^o he inbodnced in between the two 
tangents, calculate the following 
(1) Tangent lenath. 

) Len'Hh of circular curve 
(a) Chainages of the tangent points. 

4 Deflection angles for setting out the first three pegs and the 
last peg on the curve bv the Rantiae ilethod. Pegsaretobe 
fixed at 0 m interval 

Describe bneflv how too would set out the curve 

(Ans. (1; 9- 4 m (■») 1S3 o* m (3) 9->4 3o m 1113 0> m (4) 

1*18 4Cr 3*23 20* 0*17 -Hr IS* 

18. A comjioiind curve is toconsbtov^Qar^ goO m radius followed bv 
one of 1 00 m ladius and is to coouect two straights intersecting at 
an angle of 84*3'’ At the uteisecfion point the chainage if continaed 
along the first tangent would be 23 9 0 in and the starting point ol 
the curve is selected at chainage ISol m- Calculate the.chainages at 
the point of joactiou of two biaocbes and at the end of the curve 
Desenbe bnefly thesteps involved in setting out the curve 
[Ans Tj»973 Om =33*11 9,-61*31 
Lj— 363 SOnfiL,- l^SS lOro. 

Chainage of junction pU = 1718 30 m 
Chainage of end pt. = 3004 40 m ] 

+ + 
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Spherical Tri^onometrj 

A Sphere is a solid bounded bv a surface and is such that 
every point on the surface is equidistant from a certain point 
called the centre of a sphere It is a solid formed by the revolu 
tion of a circle or a serai circle about its diameter 

A radius of a spliere is a straight line joining the centre 
to anj point on the surface of a sphere 

A section of a sphere by anj plane is a circle 
\ section of a spliere is called a great circle when the cutting 
plane passes through the centre of the sphere (Fig 104) 

^ A section of a sphere is called a small circle when the plane 
cutting the surface does not pass through the centre of the sphere 
(Fig 99) 

The tharUst distance between any two points on the surface 
of a sphere is along an arc of a ^eat ctrcle passing through them 


Af 




I ength of a Great Circle Arc — 

In Ti? 105 let CDEFG =a grcit circle 


Fo 10 . 
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lIOJs = the diameter of the sphere perpendicular to the 
plane of the great circle, the extremities of the 
perpendicular bemg called the poles of the great 
circle 

M and N = the poles of the great circle CDEFG 
R = the radius of the sphere 

0 = the angle subtended bv the great circle arc DE at 
the centre O of the sphere, expressed in circular 
measure 

Then arc DE = R 0 = 0 when R = unitj 

The length of a great circle arc is, therefore, equal to 
C^e angle m radians or circular measure which it subtends 
at the centre of a sphere of a unit radius In practice, the 
length of a great circle arc is expressed m degrees, mmutes, and 
seconds 

Now consider the semi circle MDN of the great circle m 
which the plane passmg through ^lON and D cuts the sphere 
Since OM is perpendicular to the plane of the great circle CDEFG, 
it IS perpendicular to any line such as OD m this plane There 
fore, the angle MOD = 90* Hence the great circle arc 
subtends 90® at tne centre of the sphere, 1 e MD = 90* 1° 

other words, the angular distance from the pole of a great circle 
to any point on that great circle i> 90® 

Length of a small Circle Arc — 

In Fig 105 let Oi = the centre of the small circle edef^ 
and \ = the poles of the small circle 
Ri = Oid = the radius of the small circle , 
de = the arc of the small circle i* 

R = the radius of the great circle CDEFG 

Let the great circle passing through M and d cut the great 
circle CDEFG m D , similarly, let the great circle passing through 
SI and e cut the great circle Cl)EFG in E 
Now arc de = R, x /_dOie 
arc DE = R y /.DOE 

But /dOiC = /.DOE, smee Oid and OD are parallel 
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and i)^e and OE are parallel 
The angle dOiO being s 

s sm dOOj = sin Md 


Hence 


: sm Md = cos dD, since Md + iZD = 90" 



arc de Ri 

arc DE R 

right angle, 

Oi<i 

are df 
arc DE 

or arc de = arc DE cos <10 

Ajplicncal triangle (Fig 106) is a triangle bounded bs three 
of great circles 

A spherical a^Ie is an 
'angle between two great ^ 
circles It IS defined bv the ^ 
plane angle between the 
tangents to the circles at 
their point of mterscctYon 
Thus in Fig 106 ABO 
^ IS a spherical triangle and 

Fig loa the angle BAG IS the spheri- 

cal angle \ between the great circles AB and AC It is measu- 
red by the pWne angle AiAA^ between the tangents AAj and 
AAj to the great circles AB and AC 

properties of a Spherical Triangle — The following are 
the properties of an\ spherical triingle — 

( I ) Any angle is less than two right angles or ff 

( II ) The sum of the three angles is less than six right angles 
or 37r and greater than two nglit angles or TT 

(ill) The sum of anv two sides is greater than the third 
{i\ ) If the sum of any two sides, is equal to two right 
angles pr 7T the sum of the angles opposite tliem is equal to 
two right angles or 7T 

(\) TJie smaller angle is opposite the smaller side, and 
Mce \ ersa 

Formula in Spherical Trigonometry — When three of 
the SIX parts (three sides and three angles) of a spherical tnangle 
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are knowD, tbe reftSmirtg be computed by the foUomi^ 

formula 

Let A. B, and C be tbe spherical angles, and a, b, and c the 
sides opposite them m any sphcfical triangle ABC 


Sine formula 
Cosine formula 


am a 

ImT 


( 1 ) 


sin b sin c 

sin 6 sm C 

= cos 6 cos e + sin b sm c cos A (2) 

Casa tost* ‘ 

cos o— cos 


sm b sm c 


{3J 


cos A =s — cos B cos C + sm B sm C cos a 
with similar expressions for cos 6, cos e, cos B, and cos C 

sm — « / s m (a- 6) sm (<— c) 

- sto b sin c 

/ sin a sin (« — a) 


W- 


sm b sine 


tan — « j sm (a - e) 

• V sm s sm (♦ — o) 


- (a + A + c). with similar expressions for 


tan 

1 

(a ^ t) = 

cos 1 (A — B) 

tan 

1 

c 

(r) 


2 

cosi(A+B) 


2 



tan 

1 

(a - fc) = 

sm 1 (A— B) 

tan 

1 

C 

IS) 


2 

sm 1 (A+ B) 


2 



tan 

1 

(A+B) = 

cos 1 (« — 6 ) 

cot 

1 

C 

C) 


2 

cos ila -i-b) 


2 



*cau 

1 


sm 4;^(a — b) 

cdi 

2 


'{IV, 



sin ^ (a + h 1 


2 



Tbe formula? for 

a right angled spherical triangle 

mav be 


obtained from ‘ Napier’s Rules of Circular Parts ’ 
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Iq Fig 107a, ABC is spherical triangle right-angled at C 
Dran a circle and divide it into five parts (Fig. lo7b) Write down 
in order the two sides containing the right angle and the comple- 
ments of the remaining three parts K, c, and B as shown in the 
figure Then if any part is considered as ‘middle part the two 
parts adjacent to it are called ‘ adjacent parts and the remain, 
mg two ‘ opposite parts Then we have the following rules 

( 1 ) Sine of the "Middle part =s product of the tangents q( 

the two adjacent parts 

(2) , , ,, =* product of the costnes of 

the two opposite parts 
eg sm A *» tan a tan (90*— A) =* tan a cot A 
and sm b => cos (90* —c) cos (90* — B) sin c sm B 
Area of a Spherical Triangle — The area of a spherical 
triangle may be obtained from the following formula — 

» u , * I 4- B + C — 1S0°\ 

urea of a spherical triangle = A= \ 

= jrR* ?- (Ill 

180* ■’ 

where R = the radius of the sphere 

E A+B -I- C— 180®. the quautit} E bv which the sum 
of the three angles A, B, and C exceeds 180®, being 
called the spherical excess of the triangle 
Useful Data — 


1 radian = 57* 17' 45'= 3437 75' = 206265'. 


radian, 1' = 

206265 3437-75 


radian 
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Log 7r“ 0*4971499 or 0*4972 

Whentheangle K is very small, sm K = «<inradians=stan «<, 
cos i<« 1. 


sinl' = *=taDr and sm l'=_— = taiil'. 

206263 3437 75 


■m •<'= = <<' sin 1', 

206265 


Similarly, t in «< * = o< * tan 1' and tan k' — tan 1' 

Log sin 1' = 6*6855749 « log tan 1' 

Log sin 1' =’4*4637261 =* log tan 1' 

When degrees, minutes, and seconds are to be converted to 
hours, mmutes, and seconds of tune, the following relations mai 
be used 

860" = 24 hours , 15" = 1 h . 15'= 1 m , 15' = 1 sec 


Latitude and Longitude 


The position of a place on the earth’s surface is specified 
by means of latitude and longitude 

InFig 10$, let 0 = the centre of the earth 
P s the nortli pole 
p, SB the south pole 

POP, = the polar axis or the polar diameter 
about which the earth rotates 
K = any point on the earth’s surface 
The great circle AKjGjB, the plane of which is perpendi 
cular to the axis of rotation POP, is called the terrestrial equator 
The semi circle (PKP,) passing through K and terminated 
by the poles P and P, is called the mmdian of the place 


Latitude of a place is the angular distance measured from tbe 
equator towards the nearer pole along the meridian of the place 
riie sphere being dmded into two hemispheres by the 
equator, the upper one containing the north pole is called the 
northern hemisphere while the lower one containing the south 
pole IS called the southern hemisphere The place is said to 
have a north latitude if it is in the northern hemisphere, and 
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south Iatitud« if in the southern hemisphere In this case the 
arc KiK or the angle KjOK is the latitude of the place Is. 

Latitude north of the equitor 
Is considered positive and that 
^south of the equator negatn e 

Longitude of a [dace is the 
angular distance between the men 
dian of the place and the standard 
or prime meridian The meridian 
(PGPj) passing through Green- 
wich (Fig 108) has been adopted 
internatioRftlly as the standard 
meridian Tbis meridian dmdes 
the sphere into two hemispheres one the eastern and the other 
the western The longitude is measureil from 0® to 180® either 
towards the west or towards the east The west longitudes Tre 
consid red is positue and east longitudes as negatn e Thus 
the longitude of the place K is the equatorial ar GiK, or the 
spherical angle 6PK Hence it will be seen that the poMtion of 
the place K is campletel) specified b> the latitude KtK and the 
longitude 

Parallel of Latitude — \ parallel of latitude is a small 
circle of wl ich P is the pole All places ha\ mg the same latitude 
he on the parallel of latitude 

In Fig 109 let K M and N be the points on the par allel 
of latitude KMN so that the> ha\e the 
same latitude sa) e PGG|P| is the 
(itecnwich meridian 
The angular radius (PK) of the paral* 
lei of latitude is equal to 00’’ — 9, 
since the great circle arc PKj^QO® 
and KiK = 9 

Now arc KM = arc KjMj cos KKx 
But K,M, r= GiK, - GiMi 

= difference of longitude 

arc hM = difference of longitude x cos latitude (12* 
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This distance is called the deparitire and is measured in 
n autical mi les ^ ■ 

From Fig 109 it is evident that a degree of longitude has 
the greatest value at the equator and becomes less and less as 
the poles are approached (K5I M the equator a 

degree of longitude is equivalent to about 111 km (69 miles) 
On the other hand a decree of latitude has approximalelv 
the same value no matter where it is measu-ed (i e at the 
equator or near the poles) s nee it u measured along tne men 
dians which are the great circles the same diameter A 
degree of latitude is equivalent to about 11 1 km {69 miles ) 


Nautical Mile — A nautical njilc is the distance measured 
along the great circle joiiuog two pomts which subtend one 
imoute of art at the centre of the earth Taking the radius 
of the earth to be equal to SgfiO miles we have 

, , , circumference of the great circle 

one nautical mue « £ 

~ 360* X 60 

_ 2 X 3960 X 52^0 
seo*" X 60 
s ISoo 109 m 


- 60S0 feet 


The distance between two pomts in nautical miles measured 
along the parallel of latitude is called the drpart^e 

Departure — difference of longitude in minutes X 

cos latitude (1”3) 

If the two pomts are in the same hemisphere either western 
or eastcT the difference between tlieir longitudes maj be obtained 
bv subtracting one longitude from the other If however the> 
are in different hemispheres the required difference of longitude 
mav be obtained bv the sum of their long ndes In cose the sum 
exceeds 18,0 ° it should be subtracted from 360“ to obtain the 
*equired~3ifference of longitude of the two points 

The shortest distance measured along the surface of the 
'V’<r/iuhi>tsv«vni*TFi'oq]rav:e>'&*hftr’ivugiii "ffi •’hit ".nv; oFl 
circle joining them 

Example 1 — Determine the difference of latitude between 
two places A and B giv en that their latitudes are 
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(a) A. 35® 42 N , B, 62® 55 ^ , (b) A, 42® 32 S , 

B, 53® 43 S . and {c) A 28* 16* N B, = 46® 33 S 

(a) Ihe difference of latitude between A and B 

— 62® 55 —35® 42 = 27® IS 

(b) The difference of latitude between \ an 1 B 

= —42® 32^11® 11 

fc) The difference of latitude between A and B 
= 28® 16 — ( — 46® 13 ) = 74® 49 
Example 2 — Find tbe difference of longitude between 
places C and D from their following longitudes 


(0 

long 

of C 

= 4^® U 

( lO long 

ofC = 

34“ 

24 

E 



of D 

« 64® VV 

„ 

of D =a 

162® 

Id 

E 

(ml 

long 

of C 

= 37® 44 

long 

of C - 

5S® 

27 

E 



of D 

= CS® 18 

E • 

ofD - 

US® 

30 

W 

10 

Ihe 

dilTcrcnce of longitude between C and 

D 






« 64® 

- 46® «= IS® 





(lO 

The 

dilTerencc of lor 

i 'itude between C and 

D 






= 162® 

10 — 34® 24 

= 127® 

46 




The 

"lum of the two 

longitudes 








« 37® 

44 T 63® 18 

«= 101® : 

2 




Since the sum is less than ISO® the dilference of longitude 
between C and D — sum of the two longitudes = lOl® 2 
(i\) The sum of the two longitudes 

= 58® 2’- 4- 138® 36 — 197" 3 
Since the sum of the two 'ongitudcs is greater than 180° 
the diffeience of longitude between C and D — 360° — the sum 
= S60® — 197® 3 — 162° 57 

Evample 3 — Cakulate the distance in, nautical miKs 
between E and F dong the parallel of latitude given ^hat 

(a) latitude of E, 4S° 24 N longitude of E 37® 32 

of F, 48® 24 N , , of F, U®. 2 A- \\ 

(b) latitude of E 23® 12 S , longitude of E 120° 22' W 

of 1- 23® 12 S , „ of F, 162® 35 E 

Distance m nautical mdes between E and F along the parallel 
of latitude *= departure = dilT of long in minutes x cos latitude 
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(a) The difTerence of long between E and 

= 37° 32' — 15° 24' = 22° 8' = 1328 minutes 

Departure = 1328 cos 48° 24' =* 881*6 n m 

(b) The sum of the two longitudes= 120° 22' + 162° 35' 

= 282“ 57' 

The diff of long between E and F = 360° — 282° 57' 
= 77® 3 = 4623 mmutes 

Departure = 4623 cos 23° 12 = 4249 n m 

Example 4 — Find the shortest distance between two places 
K and L, gi^en that the latitudes of IC and L are 19° 0' N and 
lfl°4 X andtheirlongitudes 72°30 E and80°12'E respectivelv 

In the spherical triangle PKL, PfC = 90° — lat of K 90® 
-19°=7r PL = 90°-lat of 90°— 1?° 4 =-^^56'; the 
spherical angle KPL as the difr of long = 80“'12 —72° 80' 

= 7° 42' 

Using the cosine rule, we have 

cos KL = cos PK cos PE + sm PK sin PL cos KPL 

-acos71° cos76*56' + sin 71° sm 76°56 cos 7* 42' 
= 0 9S63882 


KL aa 9° 29 = 9° 483 

Now arc =a R y central angle, where R = the radius of the 
earth — 637’’ km ^ 

KL L 

180° / -p 

' "Tew 

The Celestial Sphere — 1\ hen we view the heavens on anv 
clear night we see a large number of stars of different degrees 
of bnlliancj and consider them as situated oii the surface of an 
imagmarj sphere of infinite mdms, the centre of which is the 
position of the observer or the earth This spher e is k nown os 
the cel estia l sjihi^g Of the celestial (or heaveulv) bodies, viz. 
the sun, stars, moon and planets, we are concerned onlv with 
the sun and the fixed stars for survejmg purposes The stars 
which always mamtain the same relative positions are comm 
onlj known as the fixed stars to distinguish them from the pla 
nets whose positions among the others ate continually changing 
In practical astronomy, we are not concerned with the distances 
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of the celestial bodies from us (or from the earth), but only 
with the directions in which they are viewed Their directions 
are convenientls defined in terms of the positions on the surface 
of a celestial sphere in which the lines joining the hea\enl\ 
bodies to the observer cut this surface The stars being 
tnfinitelj distant from the earth the lines joining anj parti- 
cular fixed star to different points on the earth s surface are con- 
sidered as parallel and its apparent direction remains unaltered 
when viewed from different places 

As a result of the daily rotation of the earth on its axis 
trom west t o ea st all celestial bodies ( the sun and fixed stars) 
appear to reiolve from east to west round a pouit called the 
celestial pole Howe\er it is found mo-e convenient to consider 
the earth as fixed and the celestial sphere as revolving from 
east to west about the axis of the earth prolonged Also due 
to the annual rei olution of the earth around the sun the sun 
appears to more relatuelv to the stars from west to east 

For field observations the instruments required are (1) 
a transit or a sextant and (2) a good watch or chronome‘er for 
recording the time of observation For computations these 
ye n fimre loga rithmic, tables and the Nautical Almanac (NA ^ 
are required 

Astronomical Terms 

The Cel siial Sphere is an imaginary sphere upon the sur 
face of which all the stars in the sky appear to be studded to 
an obsciaer stationed at its centre 

The Zenith (Z) is the intersection of a vertical line through 
the observer’s station with the i pper portion of the celestial 
sphere It is the point on the celestial sphere immediateh 
above the observers station 

The Nadir (/,, or M. is the intersection of a vertical- Ijne. 
through the observer s station with the lower portion of the 
celestial sphere It is the point on tlie celestial sphere verti- 
cal!} below tbe observers station 

The CfUsUal llorison (also called True or Jiaixonal Horizon) 
is the great circle in which a plane at right angles to the Zenith 
and Nadir line and passing through the centre of the eartli 
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iQtersects the celestial sphere The Zenith and Nadir arc 
the poles of the celestial horizon 

The Sensible Hon^n is the circle in tvhich a plane tangent 
to the earth’s surface ( or at right angles to the Zenith and 
Na hr line) and passing through the point of observation in- 
tersects the celestial sphere The line of sight of an accureteh 
levelled telescope lies in this plane 

The Visible Horizon is the circle of contact of the earth and 
the cone of visual ra\s passing through the point of observation 
The Terrestrial Equator ( or ssmpl> , Equator ) is the great 
circle of the earth, the plane of which is perpendicular to the 
axis of rotation (polar axis) 

The J‘olar 4xts ( or Polar Diameter) is the diameter about 
which the earth spins The extremities of the axis of rotation 
(poUr axis) of the earth are known as the Poles The\ art 
distinguished as the North Pole and the South Pole 

The Celestial Equator is the great circle in which the plane 
of the equator cuts the celcstnl sphere 

The Celestial Poles arc the points of intersection of the axi* 
of the earth ( or the polar axis ) nhen produced «ith the cele- 
stial sphere 


The Ecliptic IS the great circle which the sun appears to 



Fig no 


trace on the celestial sphere with the earth 
as a centre m the course of a jear The 
plane of the ecliptic is not coincident with 
the plane of the equator the angle betweec 
them being known as the Obhquilj of the 
Fchpitc Its lalue is about 23* 27 

The points of intersection of the ecliptic 
with the equator are called the Eqainocital 


Points The point at which the sun’s declination changes from 
South to north ( i e the sun passing from south to north of 
th** equator) is known as the Vernal Fq iinax or the First Pout 
of Aries (Y) (Fig 110) while the other is called the Auturnnoi 


Equinox or the First Point of Li>'ra (— ) The ^ ernal Equmo^ 


marks the beginning of spring whi’e the Vutumna! Equ>"°^ 


marks the commencement of autumn 
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The points on the ecliptic at which the north or south de- 
chnation of the sun is maximum are known as the Solstices The 
point C at which the north dechiuitiott of the sun is maximum, 
IS called the Summer Solstice, while the point D at which the 
south decimation of the sun is maxiinunj is known as the Jlt» 
ter Solstice In the southern hemisphere, the reverse is the case 

The sun is at the \ etnal Equinox (T) on ilatch 21, and its 
declination and right ascension are each equal to zero On 
June 21 the sun is at C on the ecliptic and DO” from Y, and its 
declination is maximum and equals 23® 27 \ , and its right 
ascension is 6h (or 90®) The sun is at 4.utumnal Equinox on 
September 21 (or 22) and its declination is zero and its right 
ascension is 12h (or 180®) The sun is at D on December 22 
(or 21) and its declination ts again maximum and is equal to 
28® 27 S and its right ascension is 18h (or 270®) It w^ thus 
be seen that the sun s declination is north from Alarch 21 to 
Sept 22, while it is south from Sept 22 to March 21 On March 

and Sept 22, the da\$ and nights are of equal length all 
01 er the world 



Fig 111 

Ttie Celestial Meridian is the great circle in which the plane 
passing through the celestial poles inteisects the celestial sphere 

The Alertdian of a place or an observer is the great circe 
passing through the zenith, and nadir and the poles 
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The Vertical Circie is the great circle passing through the 
zenith and nadir The meridian of a place is, therefore also a 
\ ertical circle 

The Prime Vertical is the vertical circle which passes 
through the east and west points of the horizon 1* is at right 
angles to the meridian ofthe place 

The Lnlitude (fl) of a place or station ts the angular distance 
measured from the equator towards the nearer pole, along the 
meridian of the (ilace The latitude is the declination of the zenith 

The Co latitude of a place is the angular distance from the 
zenith to the pole It is the complement of the latitude and 
IS, therefore equal to 90° — latitude 

The Long tude («) of a place is tlie angular measure of the 
ate of the equator between some primary meridian and the 
meridian of the place 

Ihe Altitude ( <) of a heavenly body is its angular dista 
nc above the horizon measured on the vertical circle passing 
through the bodv 

The Co altitude also called the Zenith Distance (e) is th* 
angula" distance of a heavenly body from the zenith It is 
the complement of the altilud** and equals 90°— altitude 

Ihc Azimuth (A) of a heavenly body is the angle between 
the observers meridian and the vertical circle passing through 
the body 

The Declination ( 8 ) of a heavcnlv body is its angular 
distance from the equator measured along the meridian generally 
called the declination circle le the great circle passing through 
the body and the c-lestia' poles 

The Co declination also termed as the Polar Distance (p). 
the angular distance of the heavenly body from the pole It 
IS the complement of the declination , and is equal to 90 " 
declination 

The Hour Angle (H) of a heavenly body is the angle bet- 
ween the observer’s meridian and the declination circle passing 
through the body 
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The Risht Ascension {R- A.) of a hearenly body is its equa- 
torial angular distance measured eastward Irom the First 
Point oj Aries. 


The Altitude of the Celestial Pole is Equal to the Latitude 
of the Place of Observation — In Fig. 112, let 0 be the centre 
of the earth , C the pos*tion ol the 
obserier The vertical at C (as deter- 
mined by the plumb line held by the 
obser\et at C), i e OC when produced 
defines the directioii of the observer’s 
zenith which is denoted by CZ. POQ is 
the earth’s axis about which the earth 
rotates This axis when prolonged cuts 
the celestial sphere m Pj u hich ts called 
the north celestial pole. NCS drawn at 
right angles to CZ defines the plane of the observer’s honzon 
Since the celestial pole is at infinite distance from the earth, 
It is seen bv the observer at C in the direction CP 4 dravrn 
oatallel to the earth’s axis The angle PjCN is called the altitude 
of the north celestial pole EOE' dra*'n at right angles to the 
earth’s axis marks the phme of the equator so that the angle 
POE IS a right angle Now the angle COE or the an EC 
measures th_ latitude iS ) of the observer 



Fig. 


^ POC =» 90" — 0 Since CPj is parallel to OP„ 
4 PtCZ = POC - 90" - 0 New Ji PjCX - ^ Pj CZ = 90" 
/. P*CN = 90—4 PsCZ =90" — (90° — fl) = a 
Altitude of tne celest'il pole= latitude of the observer 


Co-ordinate Systems 

There are tlirec sjstims of co ordinate' bv means of viliich 
the position ofaheaveulv bodv a star or the sun) on the 
celestial sphere can be completely specified 

(1) The Altitude and Aziznuth System : — In this 
system the co ordinates of a heavenly body are ( 1 ) the atliiude 
and (u) the azimuth, the horizon bang the plane of reference. 
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In Fig 113 l“t O be the centre of the celestial sphere 
Z, the zenith, P, the pole, NWS 
AZIMUTH W£sr the horizon , ZPN the prmapal 

vertical circle (meridian) passing 
through Z and P and cutting the 
horizon in N , Y, the position of a 
heavenls bodj on the celestial 
sphere ZVYj, the vertical circle 
passing through Y and cutting the 
horizon m Y^ , KYKi the parallel 
of altitude ( a small circle passing 
through Y parallel to the horizon) 
Then the position 1 of ^iie 
heavenh bod\ is speciBed by (1) 
the angle or the great circle arc YjY called the aJUtiide 

and (2) the spherical angle PZ\ o* the great circle arc Vii 
or the angle NOli called the a~imutk (west) th* altitude an 
azimuth being denoted bv •< and X respectueh Here t e 
azimuth of a heasenlj bod\ is measured from the north point 
towards west and its value lies between 0* and ISO® The gre* 
circle arc Z\ is called the zenith distance (z d ) or co alM ‘ 
and IS denoted b\ z OZ being perpendicular to the plane of t e 
horizon the great circle arc ZY, — 90® 

Zenith distance of ^ _ arc 7Y = ZYi — ^ Y,= 90 — ■< 
— 90® — altitude 

When the star is in the eastern part of the celestial sphere 
the azimuth i» measured from the north point towards east as 
shown m Fig 11-1 The spherical angle PZ\ or the great cir c 
arc Wi or the angle\01[ jis the azimuth ( east ) its value^ 
between 0® and 180® As before, the zenith distance ( 2 )= 

UTien the star s azimuth is 90® E or 90® W, the star is on 
prime vertical (1 e a vertical circle passing throug 
“ast and west points of the horizon) (Fig 115) 
the position of a heasenlv bodv is specified m terms 0 
zenith distance and the azimuth Owing to the diuma mo 
of the stars thes" co ordinates are contmually changing 
The following rules should be observed in drawing diagr® 
of the heas ei 1> body 
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Obierver zn north latitude — (i) Draw a circle aad mirk Z at 
the top of the circle 

(ii) Draw the horizon and mark W (Fig 113), if the heavenK 
bod% IS in the western hemisphere If the hea%enlj bodj is in 
the eastern hemisphere mark E as in Fig 114 

(ni) ’Mark the cardinal points N and S according to the 
usual voiwention 

(iv) In both cases, mark the celestial pole P on the ver- 
tical ZN at the given latitude (NP = a) 

(i) Draw the \ ertical ZYZ^ through the heavenly body Y 
In both cases, the angle PZY is known as the azimuth ot the hea- 
venly body, and its value lies between 0" and 180® 


AxtMvrM fAsr 



?\% 114 Fi? 11 J 


Let 61 be the latitude of the observer ZP « co latitude 
•= 00®— B ^ow PN « altitude of the pole P = ZN — ZP = 90® 
— (90® — 6) — 0 IVhence, it follows that the altitude of the 
pole IS equal to the latitude of the observer or the place of 
observation 

(2) The Declination and Hour Angle System — In this 
System the co ordinates of a heavenly bodj are (i) the dech* 
Qation, and (ii) the hour angle the celestial equator being the 
reference plane 

In Fig 116, let 0 be the centre of the celestial sphere , 
Z, the zenith, P, the north pole, KIVK^, the celestial equator 
NWS, the horizon , W and E, the points of intersection of the 
celestial equator with the horizon, Y, the position of a heavenly 
Lody , DYDi, the parallel of declination (i e a small circle 



252 


BDSVEn^G ASD LEVXimO 


parallel to the celestial equator); PZKSPj, the obser%ers 



Fig 1 6 Fig 117 


meridian PYPi the meridian through Y cutting the celestial 
equator in Yx 

Then the position of Y is specified by (1) the angle YxO\ or 
the great circle arc ViY called the (Uehnation and (2) the angle 
ZPY (H) OT the great circle arc KY| called the hour angle 

The declination (5) of a heavenly body i e its angular 
distance from the celestial equator is measured along the great 
circle PyY,Pj termed as the declination circle ^^Tien the 
bud\ IS north of the equator i e between the celestial equator 
and the north pole P its declination is north or positive 
(8N or 4- 8) while it is south or negative (SS or — 8} when 
the body is south of the equator i e between the celestial 
equator and the south pole P, The are P\ is known as the 
north polar distance or ct> declination Since PYj = 90° 

Y,\ — 8 PY = PY, — YYi — 90° - 8 = 90° — decimation 
= CO declination When the declination is south (85 or — 8) the 
north polar distance =90°— (—8) =90°-*- 8 = 90 °-l- declination 

The angular distance between the body and the south pole Pi 
Is called the south polar distance and is equal to 90° — ^ 
or 90° 4* 8 according as the decimation is south ( — 8 ) 
north ( -f- 8) 

(3) The Declination and Right Ascension System — I** 
♦Jus. Vhrt i» ’uua-wrl.'j 

declination and (ii) the nghi asceruton (R A ) the celestia 
equator being the reference olane and the vernal equinox or 
the First Point of Aries T being chosen as a reference point 
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In Fig 118, let O be the centre of the celestial sphere , P, 
the north pole , Y, the position of a heavenly body , PYY, 



Fs its 

the mcndian or the decimation circle through Y , P Y, the 
declination circle through 1 KWKj the celestial equator Then 
the position of n heaienU bod\ Y is completely deBned by 
(1) the angle YjOY or the great circle arc YjY called the de 
elinalion as before and (2) the angle TOYi (or TPY) or the are 

Y Yx of the equator called the rtghl ascension (R 1 ) The right 
ascension of a celestial bod) (or the angle between the meridians 
through 1 and Y) is measured eastwards from T along the equa 
tor from 0® to 360® or m time units from Oh to 2-lh Noi^ the 
angle KPY (or ZPY) or the arc Kl i is the hour angle (H) of the 
heavenlybodj It is evident from the figure that lO ejualsKYj 
+ YYj But ICT IS the hour angle of T which is called the 
sidereal time (S T ) Hence we can write 

SI = westerly hour angle of Y 4- right ascension of Y 
Here it mav be noted that the direction in which the right 
ascension is measured is opposite to that in which the hour angle 
IS measured In all cases the hour angle is measured westward 
from tJie observer s meridian 

II hen 1 IS on the observers meridian, the hour angle of 

Y IS Oh , 1 e S T is Oh Tht, instant is known as sidereal noon 

The right ascension and declmatioa of a star are constant 
This sjstem of co-ordinates is therefore, the rao«t convement 
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for specifying the relative positions of the stars on the celestial 
sphere * 

The following rules regarding the azimuth and hour angle 
may be noted 

(1) When an obsener is in the northern hemisphere — 
The azimutn of a star is measured from the north point to 

the cast or to the west 

( 2 ) 4^hen an obsener is in the sovlkern hemisphere — 
The azimuth of a star is measured from the south point to 

the east or to the west 


(3) When a star is in the tteslern hemisphere, its azimuth 
IS west and its hour angle is between Oh and 12h and js given 
bv the spherical angle ZPV (H) of the astronomical tnangle ZPY 
(Fig 110) and vice versa 

(4) When a star is m the eatlem hemisphere, its azimuth 
IS east and its hour angle is between 12h and 24.^ , and is given 
by 860*— the spherical angle ZPY (HO of the astronomical 
triangle ZPY (Fig ll") and sice icrsa 


0 \ 


Circumpoiar Stars 

In Fig 119 let O be the position of the observer in latitude 
Z and P the zenith and the north pole respectively , 
KWS, the horizon, EWEi, the 
celestial equator , KKi and LI^j 
the parallels of declination for the 
two stars Y and Yj respectively 
The stars which are always 
abo\e the horizon and which do 
not therefore set are called 
the circumpolar stars The} wiU 
appear to the observer to describe 
the circles about the pole P In 
order that a star should not set 
I e It should be circumpolar, its 
distance from the pole must be less than the latitude of the 
place of observation If S = the declination of a star, and 0 =* the 
latitude of the place 
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Then the polar distance of the star Y == PK^ = 90® — S. 

PN -= latitude = € . 

. . PKi must be less than PN, i e. 90® — S must be less 
than 9 

or S must be greater than 90® — 6 (co latitude) 
or expressed in words, the declination of a star must be greater 
than the co-latitude 

Culmination — When a star or other heavenlj body crosses 
the observer s mendian, it is said to culminate or transit. In 
one revolution round the pole each star crosses the meridian 
twice, the two cuimmations or transits being distinguished as 
the upper culmmalion (or upper transit), and the loner culmma* 
tion ( or lower transit ). A star is at the upper culmination as 
at K (Fig 119' when its altitude is maximum, and at the lower 
culmination as at Kj when its altitude is minimum The upper 
culmination of a star may occur on the north side of the zenith 
as at L for the star , or on the south side oC the zenith as at IC 
(or the star Y according to the following conditions. 

Zenith distance of the star Yj at L (le at upper culmination) 
=»ZL =: ZP - PL =»(90* -6)- (00® -S) = (S-fi) 

Zenith distance of the star V at K (i e at the upper culmi- 
ation) => ZK — PK - ZP = (90* - S) - (00 — fl) = « - § 

Hence it follows that (i) when the declination of a star is 
greater than the latitude (S > e), the upper culmination occurs 
on the north side of the zenith . e between the pole (P) and 
the tciuth (Z) 

^ii) When the declination of a star i« less than the latitude 
(S<^), the upper culmiration occurs on the sotith side of the 
Zenith (Z) 

W heii S= 9, the culmination of the star occurs in the zenith 

The zenith distance of the star Y at the lower tiilininatmn 
= ZK, = ZP d- PK, = (90® — ») -h (90— S) = 1 SO® — (9 -f S) 

When a slat is at the upper culmination, Us hour angle is Oh, 
» «• ». lower „ „ „ IS 
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Example 1 • — ^Find tbe zejutb distance at the upper culmi- 
nation of the stars from the following data 

(i) Lat = 45® 30' N (u) LaL 5S® 15’ N 

Declination = 20“ 15* N Declination = IS® 30’ S 

(in) Lat = 35“ 43' N 

Decimation =64“ 32' N 

(i) Since S < fl, the upper culmination occurs on the 
south side of the zenith 

Zenith distance of the star at the upper culmination 
= — S = 45“ 30 — 20“ 15 = 25* 15' 

(ii) S being less than S, the upper culmination is on the 
south siae of the zenith 

Zenith distance of the star at the upper culnuMticn 
= fl— S = 58“ 15 — (—18“ 30 ) *58*15' + 18“ SO * 76*45 

(ui) Since the star’s decbnatioQ (5) is greater than 90®— fl, 
the star is cucumpolar and as its declination is greater than 
latitude {8>5) its upper transit is on the north side of the leaith 

Zenith distance of the star at the upper culmination 
*8-5 - 64* 82 — 35® 45’ * 28® 

Example 2 — Find the zenith distance at the lower culmi 
nation of the following stars, given that (a) latitude = 42® 15 N 
and decimation *= 50“ 45 N and (b) latitude = 48“ 17 S and 
declination = 62® 12' S 

(a) Zenith distance at the lower culmination = 180®— 9 
_ 180® — 42“ 15 ~ 50® 45 
= 87“ 

'b) „ „ „ culmination = 1S0“ — 9 —8 

= 180® — 4S® 17 — 62“ 12 
= 69*31' 

Example — The decimation of a star is 48“ 40' 
its upper transit is m the zemth of the p’acc Find the alti'nde 
of the star at the lower transit 

At the upper transit, the star is in the zenith 
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Polar distance of the star = co latitude 
or 90 — 5 « 90® — e 
Hence S = 9 

At the lower transit zenith distance of the star 

= 180“— ( 9 + S ) = 180“— 25 
= 180“ - 2(48“ 46 ) = 82“ 28' 

W hence the altitude of the star = 90“ — z d = 90“ — 82“ 28 
= 7* 32 

Example 4 — The altitudes of a star at the upper and 
lower culminations are 76“ 23 and 20“ 31 both culminations 
being on the north side of the zenith of the place Find the 
decimation of the star and tlie latitude 

Since the star s upper culmmation is on the north side of 
zenith 

the zenith distance of the star at the upper culmination 
ss S — 9 ss 90* — altitude 

„ , at the lower culmination 

= 180“ — 9 — S - 00“ — altitude 
5 — 9 - 90“ - alt = 90“ — -6“ 23 = 18“ 87 (1) 

and 180“ — 9 — S » 90“ alt « 90“ — 20“ 31 — 69* 29 
or 8 + 9 « 180“— 69“ 29 =s 110“ 31 (2) 

Whence 8 = 62“ 4 N and 9 - 48“ 27 N 
The Astronomical Triangle 

The spherical triangle ZPS (Fig 120) formed bj joining the 
zenith (Z) the pole (P) and Uie hea^enly body (S) (a star or the 
sun ) by great circle arcs is called the Astronomical triangle 
Three of the six parts of the triangle being gl^ en the other three 
may be obtained by sohing it 

Let »< = the altitude of the celestial body 
5 = the declination of „ 

9 = the latitude of the observer 
Then the side ZS = the co-altitude or zenith distance of the 
body =^90“ — < 


s L. n-9 
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the side ZP = the co-Iatitude of the observer » 90* — 6 
, PS = the CO declination or polar disti»nce of 
the bod\ ~ 90® — S 

The angle at Z = SZP = the azimuth < \) of the body 
The angle at P = ZPS = the hour angle (H) of the bodj 
The ingle it S = ZSP = the parallactic angle 
Tlie astronomical triangle n eight angled at S u e the 
parallactic ang e ZSP is a right angle when the heavenly bod\ 
IS at elansation i e at its greatest distance cast or west of the 
meridian (Fig 121} 



Fig l^O F s 121 Flit I®' 


When the celestial bod> is on tbe Prune lerUcal of the 
obsen er the astronomical triangle is ngbt angled at Z, i e. 
the angle SZP is a right angle (Fig 12**) 

(1) The three sides of the astronomical triangle ZPS 
being knonn the angles and H may be computed by means 
of the following formul'c 

cos A = ^ - tan «< fan 6 

cos << cosO 

or /«..(. -ZSrs.ii(F-Zr) (U) 

2 V sin s sin {a — PS) 

m which a = ~ (ZS T ZP -r PS) 

cos II = in *< — tan o tan© 

tos S cose 

_ / ■im 1. -ZF)sin(7^M (1C) 

~ » Sin a sm {» ~ Z) 
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(2) \Vhea the astronomical tnangle ZPS is right angled 
at S, the following formulae may be used to calculate the angles 
V. and H, and the altitude (of) of the hea\eiUy body, when its 
declination and the latitude of the place of observation are 
known 


sin 9 

sin < = 

sm B 


sin A 


cos S 
cos 9 


cosH = 


tan 9 
tan S 


sm latitude 
sm declination 
cos declination 
cos latitude 
tan latitude 
tan declination 


(17) 

(18) 
(19) 


(3) When the astronomical triangle ZPS is right angled 
at Z, and the declination of the heavenly body and the latitude 
of the place of observation are known the altitude ( k ) and the 
hoiu' angle (H) ma> be calculated from the following fonnuls 


sm 3 

sin decimation 


sm 9 

sm latitude 


tan5 

tandeclmation 

(21) 

tantf 

tan latitude 


Example 1 —Determine the azimuth and altitude of a star 
from the following data — 

(i) Latitude of the observer « 40® N , (u) hour angle 45® 45 
and (m) decimation = -r 22® 

In the tna iglc /Pb ZF = 90® — 9 ~ 90® -- 46® = 44® 

PS = 90® — 5 = 90® -- 22° = OS® 

ZPS = H =45® 4o 
Lsing tin. cosine rule we have 
cos ZS = cos 7P cos Pb T sm 7P sm PS cos H 

= cos 44® cos OS® -p sin 44® sm 68° cos 45® 4o 

= 0 2695 -I- 0 4494 = 0 7193 
ZS =44®2 

Whenc“, the altitude of the star = «< = oq® — Zb 

= 90®— (44® 2) =45*53 
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, COS PS — COS ZP COS ZS cos 68*- cos 44® cos 44* 2' 

cos A =a r 

sm ZP sin ZS sm 44 sin 44* 2' 

= — 0 2948. 

Since cos A is negative, A lies between 90* and 180* 

Hence cos (180*— \) = + <J 2948. 

180°— \ =72*51' or A. = 180*— (72*51')=107* 9' W 
Example 2 — Find the azimuth and altitude of a star 
given the following — 

(a) Latitude of the place = 48* N , (b) hour angle of the 
star = 21b 40 m , and (e) decimation of the star = 18* 12' South 
In the triangle ZPS, ZP = 90* — « = 90°— 48°= 42® 

PS = £>0* -S =90*- (-18* 12') =108*12 
ZZPS =24h -(21h 40m) =2h 20in =9o* 
Tbe angle S2P (A) and the side ZS may be computed b' 
the cosine rule 

cos ZS= cos ZP cos PS + sm ZP sm PS cos H 

= cos 42* cos 108* 12*+ sin 42* sin 108* 12' cos 83* 
= - 0 2821 + 0 5207 = + 0 2886 
ZS = 73* 13 

Ifhencc, the altitude of the star =» K = 90° — ZS 
= 90 ~ (73° 13')= 16° 47' 

Now cos PS = cos ZS cos ZP + sin ZS sm ZP cos A- 

. . CO. A = 7 riycos4S- 

sm 73° 13 sin 42° 

Since cos \ is negatne \ lies between 90“ and 180* 

Hence cos ( ISO*— A) = + o 8224 or 180*— A -= 34* 40 
A = ISO* — 34* 40 = 145° 20 
The azunuth of the star = A = 143° 20' E 

Example 3 — Determine the hour angle and declination of 
a star from the followmg data • 

(i) Latitude of the place = 48° 30* M , (ii) azunuth of the 
star = 50* W , and (in) altitude of the star = 28® 24'. 
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In the triangle ZPS, ZP = 90» — = 90"- 48" 80’ = 41" 80 

ZS «90" - < =90"- 28" 21' =61"3G' 
SZP = 50" 


Using the cosine rule, we have 

(i) cos PS = cos 41" 30 cos 61“ 36 +sm41® 30 sm 61" 35 cos 50" 
= 0 35C3 + 0 3747 = 0 7310 PS = 43" 2 ' 

The decimation of the star — S = 00"— PS = 90"— 43"2 
= 4C" 58 \ 


(u) cos H = 


cos 61" 36 — cos 41" 30 cos 43° 2 


sm 41° 30 sin 48" 2 


= - 0 1500 


cos (180" -H)= + 0 1590 or 180*— H = 80" 51 
H = ISO*- 80® 51 = 99* 9 

Hence the hour angle of the star = 99® 9 = 6h 36m SOs 


Example 4 — Find the declination and the hour angle of 
ft star, gnen that the latitude of the place is 62° N the azimutli 
of the star, 135" 18 E and the zenith distance 65® 12 

In the triangle ZPS ZP = 90" - 52®= 38®, ZS = 65® 12 
SZP = 185" 18 

(i) rosPS = cos65"12 cos3S®-rSin65"l2 sin88® cos 135®18' 
= 0 3306 — 0 3972 = - 0 0666 

180® — PS = 86® 11 or PS = 93" 49 

Hence the decimation of the star = — 3" 49 or 3" 49 S 

^ rzTip Ti 03® 12 — cos 3S® coi 93® 49 

III) cos ZPS = cos Hi = 

sin 38" sm 93® 49 

=0 -685 

H, = 39" 47 = 2h 39 m 8 s 

Since the star s azimuth is east the hour angle of the star 
= 3G0®— H, 

IE = 360® - 39® 47 = 320" IS' = 2lU 20m 52s 
or = 24h — (2h 39 m 8s ) = 2lli 20m 52s 
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Example 5 . — Calculate the sun's azimuth and hour angle 
at sunset at a place in latitude 55* N when its declination is 
(a) 22* N and (b) 18* S 

(a) In the triangle ZPS, ZP = 90* — 55* =» 35* ; ZS = 90* 

PS = DO* — 22* = 68* 

The sun being on the honzoo, ZS = 90*. 

Using the cosine rule, we have 

(i) cos PS = cos ZP cos ZS + sm ZP sin ZS cos A 

But Z'' = 90* cos ZS = cos 90* =» 0 

sm ZS sin 90*=* 1 

, cos PS cos 68* . • ..0 ,j» 

sin ZP sin 35* 

Azimuth of the sun at sunset « 49* 14' West 

(ii) cos ZS as cos ZP cos PS + sm ZP sin PS cos H 

Since cos ZS — 0, cos H = — cot ZP cot PS 

»a - cot 85* cot 68* s= — 0 5771 
or cos (180*- II) * + 0 5T71 

180*- H = 54* 45' or H = 180“ — 54* 45'= 125* 13 
Whence the suii s hour angle at sunset= 125“ 15'= 8h 21ni 

(b) In this case, ZP = 35*, ZS = 90*; 

PS = 90* — (— 16*) = 106*. 

/ , • , , . cos PS cos 106* cos 74* 

(i) As before cos A = = — 

sm ZP sm 35® sin 35 
=z ~ 0 4S05 

or cos (180*— A) = + 0 4805 

•. 180* - A = 61“ 17 or A = 180* — 61* 17 — US* 43 

Azimuth of the sun at sunset = 118“ 43' West 
(u) cos H *= — cot ZP cot PS =s — cot 35* cot 106 *. 

= 4- cot 35* cot 74* = 4- 0 4096 . H = Oo* 49 
The sun’s hour angle at sunset = 65* 49’ = 4h 23m 16 s 
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Example 6 • — Calculate the sun’s hour angle and azimuth 
at sun rise for a place in latitude 48“ S when its decimation is 
18“ N. 

In the triangle SPjZ. ZPi = 90“— ^ = 90“ — 48“ — 42® 
Ihe sun being on the horizon, ZS = 90® 

PiS = 90® -1- IS®— 103® 

B\ the cosine rule we ha\e 

(i) cos ZS = cos 7Pi cos PjS + <uu 7Pi sin P^S cos Hi 
But cos ZS == cos 90“ = 0 


cos Hi = — cot ZP, cotP,S*s + cot4i*Cv.t 72®s=0 3C09 
or Hi — 68® 51' = 4h 35m 24s 
Hour angle at sunrise =* 24 — (4h 35m 24s ) 

= I9h 2^m 36s 


(ii) cos PjS = cos ZPi cos ZS r sin ZPj sm ZS cos A 
But ZS « 90® cos ZS = cos 90® = 0, 

sin ZS = sm 90* = 1 
cos PiS _ cos 108® 


Whence, cos A • 


= — 0 4618 


sm ZPj sin 42® 
or cos (180“— A)*s + 0 4618 

180®— A =02* 80 or A =180®— 02*80 = 117 
Hence the sun’s azimuth = 117*30' East 


Example 7 — A tertical nail, 4 m high, is built on le\el 
ground at a place in latitude 50* N and faces due East (a) Hon 
nian\ hours will the face of the wall be exposed to the rajs of 
the sun nhen the sun’s decimation is (i) 18®N and (ii) 18“S ' 
(b) Find the width of the shadow normal to the wall at 
11 a m m the first case 



Tig I’S 

(a) (i) Thetimeofexposureofthewalltotlie ra^softhesun 
is guen bj the hour angle of tlie sun Non m the triangle 2PS 
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ZP = 90"- 50"= 40" , ZS = 90", and PS = 90" - IS" - 
Now cos ZS = cos ZP cos PS + sm ZP s.„ PS co, H - 

cos 90" = cos 40" cos 72"+ sm 40" sm 72" cos H 
or cos H = — cot 40® cot 72“ 

Suice cos H IS negative. H lies between 90" and 180" 

COS (180“ — H) = + cot 40“ cot 72“ 

Hence ISO"- H = 67" 13 or H = 112" 47' = 7h SOm 48s 

- 108" zq’’' Tl" being IS" S , PS = 90"- (_I8") 

lOS , ZS = 90 , and ZP = oo"— so" = 40” 

cos H = _ cot 40" cot lOS" = + cot 40” cot 72" 

Hence H = 07" 13 _ 4b 2Sm 62s 

thei^ll 

> e A and ZS 1^^ AZre A,"i?"““^ 

At 11 am the sua s hour angle IS 15“ 

In the A ZPS ZP = 40" . PS _ 72" . and H - 15" 
eos ZS = cos 40" cos 72" + sm 40” sm 72” cos IS" 
Hence ZS«84‘-li 

I' ow cos A « ~ cos ZP c os ZS 

sin ZP ZS" 
or log cos A.« -1 0540 

180 — A = 25“ 54 or A = 180“— 25“ 54 = 154" 6 
Now the length of the shadow AC (Fm 123) 

eio t of the wall Xtan zenith distance= 4 tan 34“ll'=2 717 m 
" idth the shadow normal to the wall = CD = 2 71" sm A 
-- l"sm25”54 =1 19m 
where A i, the supplement of the azimuth A = 25" 54 

of time is based upon the 
Eo„“ or.:™,? ““=■> bl .be" earths 

heavtly'bod'errthe'rr ““ ““ 

rerolre from , , ^ “bun and the sun) appear to 

earth and ° ^ ® direction) around the 

twiee each day”' ' 'Z “PP'" ‘o cross the observ er’s meridian 


-??sss <^o s72“— cos 40“ cos S4“ll. 
sm 40“ sm 84“ ir 
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The earth also moves in an elliptic orbit round the sun and 
makes one complete revolution in one year Therefore, the sun 
appears to move relatively to the stars from west to east and 
to make a complete circuit of the heavens in one year 

There are four kinds of time viz (1) sidereal time, (2) appar 
enfc solar time, (3) mean solar time and (4) standard time Tlie 
first two kmds of time are convenient to the astronomer, while 
the latter two are convenient for our everjday affairs 

(1) Sidereal Time — Sidereal time is the time when its 
measurement is based upon the diurnal motion of a star or the 
vernal equmox The time interval between tn o successiv e 
upper transits of the \ crnai equinox also called the First Point 
of Aries (T) the same meridian is called a sidereal day 
This unit of time is most convenient for astronomical purposes 
as the 'nhole system of the stars revolves around the polar axis 
of the celestial sphere viith absolute uniformity from east to west 
and is, therefore, much used bj the astroncme-s The sidereil 
day IS divided into 24 hours eacli hour subdivided into 60 minutes, 
and each minute into 60 seconds The sidereal da> begins at the 
instant of the upper transit of the First Point of Aries so that the 
sidereal time is Qh at lU upper transit and 24A at the next 
upper transit 

Sidereal time at any instant is therefore equal to the hour 
angle of the First Point of Aries The right ascension of the 
meridian of a place is known as local sidereal time (L S T ) It 
is the time interval which has elapsed since the transit of the 
First Point of Aries ov er the meridian of the place Since the 
hour angle of a star is the sidereal time that has elapsed since its 
transit, we have 

Local sidereal time (L S T ) = R A of a star + westerlj 
hour angle of a star (22) 

If this sura IS greater than 24 hours deduct 24 hours 
V hile if it IS negativ e, add 24 hou*s 

Also, L S T = R A of mean sun (RAMS) 12 h + 
mean tune at the place (22a) 

MTien the star is at its upper transit or culmination, its 
hour angle is zero and the sidereal time is equal to its n^^ht 
ascension 
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Sidereal tune of transit of a star ss II A of a star (23) 

(2) Apparent Solar Time — \pparent solir time is the 
tim" when its measurement is bas'Hl on dailv motion of the 
sun The time inler\al between t«o successire lower transits 
o'" the cent-e of the sun over the same meridian is called an 
apparent solar daj It is dmded into 24 hours, each hour into 
60 minutes, and each minute into 60 seconds The apparent 
solar time is gis en by the sun dial Since the sun s apparent 
dailv path is in the elliptic, (a great circle inclined to the equator 
at an angle of 23° 2" ) and the sun does not move at a uniform 
rate along the ecliptic the apparent solar day is not of uniform 
length and consequently it cannot be recorded by a clock having 
a uniform rate 

(S) Mean Solar Time — In order to obrietethe vanatioa 
in apparent solar time a Hctitions bod} called the mean «un is 
introduced bv the astronomers The mean sun is an imagi 
nar\ point and is assumed to move at a uniform rate along 
the equator so as to make a solar day of umfoim length the 
motion of the mean sun being the average of that of the true sun 
in right ascension It is supposed to start from the Temsl 
equinox at the same time as the true sun and to return to the 
vernal equinox with the true sun Time when measured bv 
the diurnal motion of the mean sun is called the mean solar 
time or simplv mean time The mean solar day is the 
average of all the apparent solar days of the year The time 
which is in common use by the people is the mean solar lime 
or civil time It is the time kept by our clocks and watches 
The time interv al betw een two successive lower transits of the 
mean sun over the same m'*ridian is called a mean solar dav, 
which IS also known as a civil da} It is divided into 24 hours 
each hour into 00 minutes and each minute into 60 seconds 

There are two s} stems of reckoning mean solar time, mz 
( i) civil time and (ii) astronomical tune Prior to Bee 31 
th" astronomical da} was considered to begin at noon Since 
Jan 1 192o both the civil day and the astronomical dav b”gin at 
Oh midnight But the civil day is divided into two periods 
one from midnight to noon and the other from noon to midnigb^ 
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so that the time of an e\ ent occumng before mean noon is dc 
noted by the letters AM (antemeridian), and the time of e^ ent 
occurring after mean noon by the letters P M (post meridian), 
■while the astronomical day is divided continuously from oh 
to 24li Civil time may be conierted mto astronomical time and 
vice versa by the following rules — 

(1) (a) If the civil tune is A M the astronomical time is 
the same as the civil time 

e g civil time GAM corresponds to astronomical time C'l 

(b) If the civil time is P M , the astronomical time 
= civil time 4- 12h 

e g civil time 8 P M is equivalent to astronomical time £0'i 
In both cases the date remains unchanged 

(2) (a) If the astronomical time is less than 12b , tiie 
CIV il tune IS the same as the astronomical time and is denoted bv 
the letters A M 

e g astronomical time 0 h corresponds to civil time 0AM 

(b) If the astronomical time is greater than 12h , the civil 
time B astronomical tune — I2h and is denoted bj the letter:* 

P M 

e g astronomical time 22h is equivalent to civil time 10 P M 

It IS well to note the following relations between the hour 
angle, right ascension, and time 

At any instant, 

the apparent solar time = the hour angle of the sun 

+ 12h (24) 

the mean solar time = », , ,, of the mean sun 

+ 12h (25) 

Local sidereal time (L S T ) = R A of the sun + hour angle 
of file sun 2Gj 

„ „ „ = R A of the mean sun + hour 

angle of the mean sun (27) 

Tlie instant at which the sun crosses the meridian of anj 
place IS called the local apparent noon (L V \) while the instant 
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nt which the mean sun crosses the meridian of any place is called 
the local mean noon (L M N ) 

The hour angle of the sun being zero at its upper transit 
Sidereal time of Apparent ^oon = R A of the sun (28) 
Siniilarh the hour angle of the mean sun bemg zero at 
its upper transit 

Sidereal time of Mean Voon = R A of the mean sun ("9) 
B} local mean time is meant the mean time at the place of 
obser\ation (for the meridian of the observer) All places on 
the same meridian have the same local time The mean time 
for an\ other meridian is denoted b} the name e g Greenwich 
Mean Time 

The earth moves unifotmlv on its axis from west to east 
nr d this causes the sun to appear to move from east to west and 
to cross the meridians in succession Consequently, the farther 
east a place is situated the sooner will the sun cross the 
meridian and the later will be the local time 

Equation of Time — The difference between apparent solar 
time and mean solar time at any instant is known as the epiation 
of time (E T ) Formerlj apparent tune was determined by solar 
observation and was reduced to mean time by means of the 
equation of time But now mean tune is obtained by firsl 
deterrammg sidereal tune by stellar observations and then 
com ertmg it or directly from vvireless signals Hence the values 
of equation of time at Oh (midnight) at Greenwich are tabulated 
in the Nautical Almanac for every day of the jear in the sense 
apparent — mean and are to be added algebraically to mean 
time to give apparent time and vice versa The Greenwich 
mean tune (G T ) of apparent noon i e the instant at which 
the sun transits at Greenwich is also given 

The values of equation of time are sometimes prefixed 
with the plus sign (or speciiied as the sun after clock) or with 
the minus sign (or specified as the sun before clock ) indicating 
that the} are to be added to or subtracted from apparent tune 
to give mean time 

Fquation of tune «= R \ of the mean sun — R A of the sun 
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The value of the equation of time (Fig 124) vanes from 
0 to about 16 minutes at different 
seasons of the j ear It \ anishes four 
times during the year, on or about 
April IS, June 14, September 1, and 
December 25 On these dates the 
Fig 124 Variation of jfyg mean sun are on 

Equation of Tune same meridian and apparent time 

and mean time are the same 

Note — The difference between mean time and apparent 
tune IS due to two causes — (1) The earth moves round the sim 
lin an ellipse and not m a circle Consequentlj th e motion o f the 
dearth is not uniform and vanes with its distanee from the sun. 

(2) Smce the real sun moves along the ecliptic, uniform 
motion along the ecliptic does not represent uniform motion m 
the right ascension, and hence does not correspond to umform 
motion of the mean sun along the equator 

At appar ent noon, t e when the real sun is on t he meri dian ^ 
1 the apparent time is zero, and, therefore, equation of time = 
1 mean time, o^p^r^pt yop ^ 

NowLSTsR A of the mean sijn -r hour angle of the mean suD 

a) 

„ =ss R A of the sun + hour angle of the sun (2) 

Subtracting the second equation from the first, we get 

R A of the mean sun — R A of the sun = hour angle of 
the sun — hour angle of the mean sun 

ET = hour angle of the sun— hourangle of the mean sun (24) 
= apparent tune — mean time (24a) 

It hence, apparent time = mean tune + E T (25) 

Summarj — The following points may be noted m connec 
tion with different kmds of time — 

(1) Apparent solar tune (or apparent time) is measured 
from Oh to 24h from the lower transit of the real sun Tht 
instant when the real sun crosses the meridian at lower tranaie 
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IS known as \pparent Midnight while the instant when it crosses 
the meridian at upper transit is known as apparent Noon 

(2) Mean solar time (or mean tune) is measured from Oh 
to 24 h from the lower transit ofthe mean sun The instant when 
the mean sun crosses the meridian at lower transit is called Mean 
^Iidmght while the instant when it erodes the tnendi^ at 
upper transit is called "Mean Tvooti 

(S) The apparent time for the meridian of the place of 
observation is known local apparent time (L A T ) Similarly 
the apparent time for Greenwich meridian is known as Greenwich 
apparent time (GAT) 

(4) The mean tune for the meridian of the place of obserra 
tion IS called local mean tune (L M T ) while the mean time 
for Greenwich mendian u called Greenwich mean time (GMT) 

(5) The difference in local tunc between two places is equal 
to the difference ui longitude between the two places expressed 
in hours minutes and seconds This relation applies to all kinds 
of time (sidereal apparent solar or mean solar) 

(6) Sidereal tune is measured from Oh. to S4h from the 
upper trans t of the First Pomt of Anes But mean solar time 
18 measured from the lower transit of the mean sun 

(7) Weateilv hour angle of a star or the sun is considered 
as positn e while its easterly hour angle as negative 

(8) It is well to note here the relation between the hour 
angle of a heavenli body for the Greenwich merid an and anv 
other meridian 

Hour angle of a heavenly body for the Greenwich mendian 
= hour angle of a bca\ enl\ body for any other meridian i 
longitude the hour angle and longitude being expressed in the 
hour system Use plus sign if th^ longitude is west and 
minus sign if the longitude is east 

This relation is true whether the heavenli body is the mean 
sun the sun the vernal equinOT or the star 

Since the local time is Ob at the instant of local m dnigbt 
Greenwich Tune of Local Midmgfat — Longitude in time 

(4) Standard Time — ^In order to avoid confusion arising 
from the use of different local mean tunes by the people it is 
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necessary to adopt the mean tune on a particular meridian as 
the standard time for the whole of a countrj This meridian 
IS known as the Standard Mendian and usuallv lies an exact 
number of hours from Greenwich The mean time associated 
\Mth this mcndian is called the Standard Tune which is kept 
bj all i%atches and clocks throughout tlie countr\ The longitude 
of the standard meridian adopted m India is S2° 30 E or 5h 
30 m L Greenwich meridian is the standard meridian for Great 
Britain 

It IS CMdent that the dilTerence between the local mean 
time at any place and the standard time is due to the difference 
of longitude between the given place and the standard meridian 
The standard time maj , therefore be converted to the local mean 
tini“ and rice versa bv the relation 

Standard Time = L M T d; difference of longitude m time 
between the given place and the standard meridian Use phis 
sign, if the place is to the vest of the standard meridian, and 
mmuj sign if it is to the east 

Note — If the place is to the east of standard meridian, 
local mean tune is later than standard time and if it is to the 
vest of standard meridian local mean time is earlicT 

Example 1 — Find the local mean time at a place in 
longitude 90" 40 E when the standard time is lOh 32 m 01 s. 
and the standard meridian 82® 30 E 

Differenc“of longitude= 90® 40 — 82® 30 =». 8® 10' = 82 m 30 s 
Since the place is to the cast of the standard mendian we have 
lOh 32 m 34 s ^ L M T — 32 m 40 s 
L M T = II h 5 m 14 s 

Examp'e 2 — In India the standard meridian is 82® 30 E 
Find the standard time corresponding to local mean time 7 h. 
23 m 32 s at a place m longitude 68® 36 E 

Difference orrongitucf'»= S2''3o — = l3"o4 = 55 m 36 s 
Te place being west of the standard mendian 
Standard time — L M T -p difference of longitude 
= 7 h 23 m 42 s + 55 m 36 s 
£= S h 19 m ISs 
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Alternative Method — {j) Find the GMT correspo* 
nding to the given loczd mean tune from the relvtion 


GMT = L M T ^ longitude in time 


reast"j 

L’WCStJ 


(u) Convert the G M T so obtained to the standard time 
by the relation 

Standard mean tune = G M T ± longitude in time of 

standard meridian F | 

Lwest J 


Example 3 — Data The same as m example 1 
10 h 32 m 84s s=G M T +5h 30m 
GMT«5h2m3is 

The longitude of the place being 6b 2Tn 40 s B •at have 
5h2m3-ts=LMT — 6h2m 40 s 
L M T = 11 h 5 m 14s 


Example 4 — Data the same as m example 2 
G M T s= 7 h 28 m 42 s — (4 h 34 m 24 s ) 
s 2 h 49 m 18 s 

Standard mean time B 2 b 49 m ISs +5h SOm 
« 8 h 19 m ISs 

The tune in which the earth makes a complete revolution 
in its orbit is called the >ear 

A Tropical year which is the lime interval between two 
successne vernal equinoxes contams 366 2422 sidereal days 
The earth actually makes 366 2422 revolutions on its axis m ore 
tropical year and durmg this period it makes one complete 
revolution round the sun Therefore the sun appears to make 
one upper transit less than the First Point of Aries (T) There 
aie therefore 365 2422 mean solar days m one tropical jear 
Hence we have 

365 2422 mean solar days » 366 2422 sidereal days 
Conversion of Mean Solar Time into Sidereal Time and 
vice versa — WT’en the meantime is to be converted into sidereal 
time the following relation may be used 
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365 2422 mean solar dajs = 366 2422 sidereal dajs 

1 mean solar da> =1-1 sidereal da\ 

^ 365 2422 

= 24h 3 m 56 56 s sidereal time 

{The mean solar daj is 3 m 56 56 s longer than the sidereal 

da\ ) 

AYhcncc, 1 h mean solar time = 1 h 9 8565 s sidereal time 
Im „ ,=lm— 0 1643 s „ „ 

Is 0027 s „ 

The correction 9 8565 s per hour of mean time which is to 
be added to the mean time to obtain the corresponding sidereal 
time is knoi'n as acceleratton 

The calculation v.ork is facilitated bj the use of Con\ersion 
tables gnen m the Nautical Almanac 

Example 5 — To find the sidereal time inten al corresponding 
to 6h 12 m 30 s M T 

Acceleration at 9 8563 s per hour h m s 

for 6 h = 6 X 9 8565 = 59 139 s M T = 6 12 30 

12 m = 12 X 0 1643 = 1 972 s Acceleration* 1 1 192 

30 s = 30 X 0 0027 = 0 081 s 

Total = 61 192 s Sidereal* 6 13~S1 l92 

=» 1 m I 192 s time mter% al 

The following relation maj be used to coniert sidereil 
time into mean time 

, , , j 2422 , , 

1 sidereal day = mean solar dav 

366 2422 

“ 3"^ ^2 

1 sidereal dav = 23 b 56 m 4 09 s mean solar time 
1 h sidereal time = 1 It — 9 8296 s „ „ 

Im „ O 1638 s „ „ 

Is , „ = ls— 0 0027 s „ „ 
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The correction 9 8296 s per hour of sidereal time, winch 
IS to be subtracted from sidereal time to obtain the corresponding 
mean tune is called retardation 

Example 6 — To find the mean tune mtenal corr^ponding 
to the sidereal time mter\ al of S h 24 m. SO s 
Retardation at 9 8296 s per hour, h ri s 

tor 8h =8x9 S29B —78 637 s Sidereal =8 24 36 

24 m =24X0 1G3S = S 931 s Interval 

36 s =36X0 0027 = 0 09" s Retardatton=— 1 22 Coo 

Total i S2^ 665 s 

= 1 m 2“ 665 s M T = 8 23 13 33:. 

Interval 

Abbreviations and Symbols 

The following abbreviations and smbols are used m the 
follow mg discussion 

G M T = Greenwich Mean Tune (sometimes call'd 
Universal Tune (U T ) 

L JI T = Local Mean Time 
G \ T s= Greenwich Apparent Time 
L A T = Local Apparent Tune 
G K \ »= Greenwich Apparent Noon 
L A N = Local Apparent Noon 
G M \ = Greenwich Mean Noon. 

L 4f N = Local Alean Noon 
G M = Greenwich 3Iean Midnight, i e Oh 
L 41 M = Local Alean Alidnjght, i e 0 h 
GST = Greenwich Sidereal Tune 
L S T — Local Sidereal Time 
S I = Sidereal Inters al E T = Equation of Tune. 

R A. = Right Ascension T *= First Point of Aras 

110= Rcfer'ing object H = Hour angle, 

R M = Reference mark 5 = Declination 

•< = Altitude 6 = Latitude 

A = Azimuth # = Longitude 

2 = Zenith distance (- d) N A = "Vautical Almanac 

The astronomical method of wntmg dates is jear, month, 
•oai, and hour, minute, and second eg 195" Jan 7d Sh 10m.42s 
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Conversion of Dej^roes into Hours — Longitudes anil hour 
angles are e\presscd m degrees as well ns in hourb The degrees 
may be con\ crted into hours or vice versa by the following relation 
Since the earth rotates through 360“ m 2^ hours, 360 degrees 
correspond to 24 hours Hence ve have 

15° = 1 h 1 = 4 s 1 h = 15“ 

1“ = 4 m 15' = 1 s 1 m = 15' 

15' = 1 m 1 s ■= 15' 

Example 1 — Express the following angles m hours, minutes, 
and seconds 

(a) 78“ 43' 45', (b) 10“ 16 14', (c)25“3S 48' 

h m s h m s 

(a) 78“ *= h. =* 5 12 0 (b) 10* « h = 0 40 0 
^ ' 15 15 

43 10 

43 = m =0 2 52 16 « m = 0 1 4 

15 15 

43 . 14 

45* = S « 0 0 3 14' = S ss 0 0 0 03 

15 15 

'Jimc corresj ending 5 14 55 = 0 41 4 03 

to the given angle 

h ra s 

(c) 25“ = h = 1 40 0 

13 

38 = m = 0 2 32 
15 

48' = s = 0 0 3 2 

15 

Time corresponding = 1 42 35 2 
to the given angle 

Example 2 — Express the following hours etc into degrees 
minutes, and seconds 

( 1 ) 6 h 42 m 34 s ,(«) 14 h 24 m 22 s 
( 1 ) 6 h = 6 X 15“ = 90" 0 0' 

42 m = 42 X 16 = 10 30 0 

Sis = 34 X 15' = 0 8 80 

Angle correspoi Jmg to the 
given time 


100“ 38' SO' 
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(u) 14 h = 14 X 15” = 210” 0' 0' 
24 m = 24 X 15' = 6 0 0 

22 s = 22 X 15' «^0^530 
Angle corresponding to the =316” 5 30'. 
given time 


Conversion of Local Time into Greenwich Time and vice 
versa — -The following relationships may be used in converting 
Local time into Greennich tune, and vice versa If the civil 
time is giv en, it should expressed m astronomical reckoning 

L T = G ’ll T d; longitude of the place m time 

L \ T = G A T ± „ „ „ „ (31) 

L S T =G S T ± „ „ (32) 

Use plua sign if the longitude of the place is East andmmiu 
sign if It IS tVe9! 

GMT = L M T T longitude of the place in time 
G A T * L. A T „ 

G S T =L S T „ „ „ „ 

Use minus sign if the longitude of the place is East and plus sign 
af it 18 West 

Note — If the sura is greater than 24 hours, deduct 24 
hours and add one day to the date , if the sura is negative, add 
24 hours and deduct one day from the date 


(I) 


Example 1 — Find the GMT corresponding to the 
following L M T 

(a) Sh 45ni 15s AM at a place in longitude 48” 32' W 

(b) 3h32m 20s PM „ „ , 62“45'20'E 

(a) G M T = L M T +Iong in time, since the longitude is west 

Longitude 48” 32 \\ h m s 

h m s. L M T =8 45 15 

4S° =a 3 12 0 Addlong in time = 8 14 8 (+ ^0 
32* =0 2 8 

Long, in time = 8 14 8 Corresponding G M T =* 11 59 23 



FIELD ASTEOVOUY 


277 


(b) G T = L V T — long jn time since the longitude 
IS east 

L M T =3h S2m 20s PM — 15h 32 m 20 s astronomical time 
Long = 62® 45 20* E h m s 

h m s L M T = 15 32 20 

62® = 4 8 0 Deduction" m time = 4 11 1 33(— le) 
45 = 0 3 0 Correspond ingG M T =11 21 18 67 
20' = 0 0 1 33 
long m =4 11 1 83 
time 


Example 2 — G C T is 6h 45 m p m on April la 1924 
Find the L 'M T at the places the longitudes of which are 
(i) ”7® 20 E (u) 85® 85 36* M and (ui) 105® 45 *>0* E 
(i) L M T as G M T + long in time 
Inow G C T 6b 45 m p m = 18 h 4o m m astrono 
mical reckoning = G M T 


Long = "'7* 20 E h m s 

— 5 h 9 m 20 s G M T = 18 4o 0 

Add long in time = 5 9 20 { + we) 





L M 1 

= 23 

54 

20 


April 15 

or 



L C T 

= 11 

54 

20 

P 

m 

(») 

L T 


GMT— long in time 





Long = 

85® 35 36* 


h 

m 

s 



= 

5h 42 m 

22 

4s GMT 

= 18 

45 

0 





Deduction" in time 

= 5 

42 

22 

4 

{ 




L M T 

= 13 

2 

~ 

T 

April 15 




L C T 

- 1 

2 

37 

6 

p m 

(m) 

L M T 

- 

G M T + long 

in time 




Long = 

lOo® 45 

20 

'F 

h 

m 

s 



= 

7h Sm 

1 1 

33 s GMT 

— 18 

4a 

0 





Add long in time 

= 7 

3 

1 

83 





L M T 

= 2o 

48 

1 

33 






= 1 

48 

1 

83 

April IG 




L C T 

= 1 

48 

1 

33 

a m 
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Example 3 — Imd the Jocal apparent time of an observa 
tiOD at a place m longitude 80* 12' E corresponding to local 
mean tune 11 h 25 m 40 s , the equation of tune at G 51 N 
being 3 m 6 52 s subtiaetjve from apparent time and decreas- 
ing 0 27 s per hour 

Long = 80“ 12 E I h m s 

« 5 h 20 m 48 s 1 L 51 T of observation == 11 25 40 

j Deduct long m time = 6 20 48 (—w) 

! G M T of observation = 6 4 52 

Mean time interval before G M N = 12 h — (6h 4 m 52 s ) 

= 5 h 55 m 8 s 
5 910 h 

Increase for 5 919 h at 0 27s per hour a= (0 27 X 5 919) 
59SS 

m s 

I T at G M N « 3 6 52 

Add increase 1 60 (+oe) 

1u T at, observation =3 8 12 

h m s 

G M T of obsen ation 6 4 52 

Add E T « 8 8 12 (+ie) 

G A T of observation == 6 8 0 12 

Add long in time — 5 20 48 (+t®) 

L A T of Observation =11 28 48 12 

Example 4 — Find the L M T of observation at a place 
from the following data 

L A T of observation « 14 h 20 m 42 s on July 21, 1939 
E T at G >1 N on that date = C ra 12 32 s additive to 
apparent time and increasing at O 14 s per hour 
Longitude of the place = 17“ 15' IV 
Longitude 17® 15' W = I h 9 m h m s 

L A T of obsen. atioQ = 1 1 20 42 
Add long in time — 1 9{+tcl 

E T nt G M N = e m 12 32 s | G A T of obs =15 29 *2 

M T mtenol from G M N AddE T = + 0 12 81 

= 3 h 2D m 42 s = S 495 h 

Increase for 3 495 b at 0 14 s G M F of obs = 15 35 54 81 
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per hour = 0 14 X 3 495 
= 0 49 s 

E T atobscnation 
*= G m 12 81s 


L M T ofobs =14 26 54 SI 


Conversion of L S T to L M T and vice versa — 

In con\ erting local sidereal time to local mean time and 
local mean time to sidereal time the folloi\mg rules may be 
used 


Rule 1 — 

L S r of L M \ (or L M M )=G S T of G M N 
(or G AI M ) i 9 8G s per hour of longitude 

Lse phis sign uhen the longitude is ircst and minus sign nhen 
It 15 eaat The quantity 9 8C s per hour o*" longitude is called 
retardation if minus and acceleration if plus 

Rule 2 - 

L b T = L S T of L M N (or L M M ) + S I from 
L AI N (or L 'M M ) 


Case I — Con\ersion of I S T to L M T 

In converting local sidereal tune to local mean time, the 
following procedure ma> be adopted 

Data — (i) L S T (ii) G S T of G M N (or G "MM) 
and (ill) longitude 

(1) ENpress the longitude in degrees etc in hours etc 

(2) Find L S T of L Al N (or L M M ) bv the rule 1 

(3) Esmg the rule 2 obtain the S I since L M N or 
L M M b% subtracting L S T of L M N (or L M ) from 
the given L S T 

(4) Convert S I into mean time units bv deductirg 

9 s per hour of S I thus obtaining the local mean time 

(L M T) 

Case II — Conversion of L M 1 to L. S T 
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The procedure in converting the given local mean time 
into local sidereal time is as follows the data consisting of (i) 
L M T , (ii) G S T of G M N (or G M M ) ard (in) longitude 

(1) Convert the longitude m degrees, etc into hours, etc 

(2) Using the rule 1, obtain L S T of L M N (orL M M ) 

(3) Convert the gii en L M T to sidereal units bj adding 
© 8565 s per hour of L M T , thus obtaining the sidereal interval 
(S I ) from L M N (or L M M ) 

(4) Find the L S T b) adding the S I thus obtained 
to the L S T of L M N (or L M SI ) (Rule 2) 

Note — If the standard tune is given, find the coirespon" 
ding local mean tune and then convert it to local sidereal tune 

Alternative Method of Conversion of L S T into 
L M T and vice lersa — When theG M T of transit of the 
First Point of Aries (T), » e the mean lime of Ob sidereal 
tune at Greenwich is given the mean time being reckoned frorn 
the previous midnight, the following procedure may be adopted 
in eoavertmg L S T into L M T, and vice versa 

Rule — L M T of transit of T *= M T of transit of Y at 



Use plus sign when the longitude is east, and minus sign 
when it is vest 

Case 1 — Conversion of L S T into L M T 

Data — (i) L S T (u) G M T of transit of T, and (lu) 
longitude 

(1) Express the given longitude in hours, minutes, and 
seconds 

(2) Find the local mean lime (L M T ) of transit of T h> 
the above rule 

(8) Find the mean time interval corresponding to the 
given local sidereal tune bj deducting 9 83 s per hour of the 
sidereal lime 

The result represents, the mean time interval since transit of T* 

(4) Fmd the local mean tune (L AI T ) by adding the 
two results as obtained in st^is 2 and S 
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Case 2 — Conversian of 31 T lato L S T 
Data — (i) L M T (ii) G M T of transit of T, and (m) 
longitude 

(1) Express the given longitude in hours minutes and 
seconds. 

(2) Find the local mean tune (L M T ) of transit of T 
by the abo\e rule 

(3) Deduct the local mean time of transit of T from tlie 
giien local mean time (L M T ) The difference gives the 
mean time interval since the transit of T 

(•1) Convert this mean time mlerval into sidereal time bv 
adding 9 8565 sec per hour The result gives the L S T 
corresponding to the given L M T 

Conversion of L M T into L A T 
llule — (1) Find the GMT corresponding to the giv en in - 
tant of L M T (2) Interpolate the value of equation of time (E 
T)for the GMT found in ( 1 ) from the values given for Oh 
GMT (mean midnight) m the N A (3) Add the value so obtained 
algebraically to the given LMT The result gives the required 
L A T 

Note —Apparent time — mean time = ± E T 
Conversion of L A T into LMT 
Rule — ( 1 ) Find the GAT corresponding to the given 
instant of L \ T (2) Obtain the G M T by subtracting L 1 
at 0 h from the G A I (3) Interpolate the \ alue of E T for the 
GMT found in (2) from the values given for 0 li GMT (mean 
midnight) in the N A (4) Add the value so obtained algebraicall) 
to the given L V T The result gives the required LMT 

Allernatiie tne hod — TJie N V no v gn es the values of the 
G T of transit of the sun at Greenwich (i e the GMT 
<f apparent noon) Ibe difTcrence between the G M T of 
apparent noon and 12h gives the value of the equation of time 
it apparent noon 

Hence we use the following equation to find the LMT 
LMT =L \ T 4 * G M f of transit at Greenwich corrected 
or G A T instant — 12 h 
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Rule — (1) Fmd the GAT corresponding to the giren 
L A i (2) Interpolate the ^alue of G M T o! transit at Green 
wich to the GAT found m (1) (3) Add the value so obtained 
to the giien LAI and subtract 12 h from the sum The 
result gi'es the required R M T 

To Find the L M T of Local Apparent Noon — 

Rule — (1) Obtain the G M T of transit at Greenwich from 
the N \ (2) Interpolate it to the gnen longitude m tira^ 

The result gncs the required I. M T of local apparent noon 

To Find the L M T of Local Sidereal Oh — 

Rule — (1) Obtain the G M T of transit of the First Point 
of Aries (T ) for the date from the N A (2) Calculate the correctioi 
at the rate of 0 S29t> s per hour of longitude (“5) Vdd this correc 
tion to or subtract it from the GMT obtained in (1) accordia; 
PS the longitude is cast or west Tiie result represents the 
L r of local sidereal 0 h 

lo Find the L M T of Transit of a Star — 

Since the hour angle of a star is zero at its upper tran»it 
L S T IS equal to its right ascension (R A ) 

Rule — (1) Obtain the R A of the star from the N ^ 

(2) Con'itrtL S T to I A! T bv an\ of the too methods de» 
cnbtd on pages 2-9 and 280 

The hour an^le of the star at its lowc" transit is 12 si bird 
hours 

To Find the L M T of Elongation of a Star — 

Rule — (1) First tompute the hour angle of the star at 
elongation (2) 1 md the L S T of elongation bj the reUtioi 
L S T = R Ai hour angle, using plus sign for west donga 
tion and minus sign for east elongation the result bei 
increased or decre ised by 24 h if required 

(3) Comen this L S T to L M T as already explained 

Exmaple 1 — Fmd the L AI T from the following data — 
(i) L S T =18h 4Gm 12s, (ii) G S T of G M V = 7h 
32 111 28s (ill) longitude =88® S4 30' W 
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23^ 

h rii. s 

Longituae SS” 54' 30' . G S.T ofG M K = 7 32 23 

=5 h 55 m 38 s Acceleration = -f- 58 42 

Acceleration for long W L S T of L. M N = 7 33 26 43 

at 9 SoGs per hour of long LST =18 4C 12 

= 58 42 <= Deduct L S T of = 7 33 26 42 

L M \ 

Com erting to AI. T at SI from L AI N = 11 12 45 53 

8296 s p'T hour of b I Retardation = ~ 1 50 22 

for 11 h , 11 X 9 8296 = lOS 126 s T = 11 10 55 36 

fo- 12in . X 8 9296 = 1 966 s Interval from L M S 

60 L AI T 

for45 38s , X 9 8296=0 124s =11 i lOrn 55 30 s pm 

3600 

Total = 110 22 s. 

Retardation Im 50 22 s 

Example 2 — Find the LST at a place in lingitud* 
T2" 10' E at 8 h. 40 m p m , the G S T of G AI \ being 6 U 
42 ni 32 s 

Long 72 * 10 E h m s 

h ra s O S T of G AI \ = 6 42 32 

72® as 4 48 0 Retardation = — 47 42 

10 = 40 

L b T of = 6 41 44- 53 

Long 4 4S 40 E. L >1 N 

Retardation at 9 856 s per 1 ou* of long 
for 4 h , 4X9 boG =39 424 s 

,, 48 m , X 9 8j6 = 7 S85 s 

ro 

40 

, 40 s , X 9 856 = O 110 s 

3COO 

sum =47 419 = 47 42 s 
C AI T = S h. 40 m p in 
A[. T. Irtc’n al from L. AI X. = 8 h 40 m< 



"se 


Difference of two longitudes 
= (5h SOm )-{i h -K m) 
= 58 m 

Con\ ertmg L ’\r T to sidereal 
tune 

celeration at 9 85~ s per 
hour of L M T 
= 1 m 43 82 s 
Correcting for longituoe 
t h 32 m E 
Retardation at 9 8a7 s 
per hour of longitude 
— 44 08 s 


"e shall deck the 
net! od 
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h ra s 

I Standard tune = 11 30 o 
I Deduct difference = ~ 5 $ 


L M r 

— 10 

32 

0 

I Acceleration 

= + 

I 

43 82 

'S I 

= 10 

"33 

43 8i 

since L M 




G S T of G M M 

*= 9 

38 

48 66 

Retardation 

= - 


44 68 

L ST ofLMM 

= 0 . 

W 

3 98 

Adds I 

*= 10 : 

33 

43 82 


L S T _ 2C n 47 8 


by the following alternative 


Converting G M 1 to 
Sidereal units 
Acceleration at 3 857 s 
per hour of G M T 
= 59 Us 


h m s 

Standard time *=1130 0 

Deduct longitude = 5 SO 0 

(E) of standard 
meridian — — 

G HI T - 0 0 0 


Acceleration 
S 1 

G S T ofG M M 
GST 

\dd east long of 
the place 
L S T 


" + 59 U 

6 0 59 14 

— 9 33 48 66 
_ 15 39 47 SO 

- 4 32 0 


= 20 II 4’ 


b 


A.im ^ R A of the mean sun at 4 4o am 

til 7?°^* f*i ® longitude 78° 30 W and also 

M °^*i^"’e"dianofthepIace gi%enthatS T atG M M 
on the gnen date is 21 h 12 m 4‘» 51 s 
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Longitude TS" 30' W 
= 5 h 14 m 


Accele-ation at 9 SjG5s 
per hour for 9 h 59 m 
= 98 4. s 


L AI T 
Add long 

Corresponding GMT 
S T of G M M 
\cceleratton 


h m s 
= 4 45 0 
= 5 14 0 
= 9 ^ 0 
= 21 12 42 51 
= + 1 38 4 


R A M S — 12 =21 14 20 91 

Deduct 12 h = 12 

RAMS a‘^nieguen= 0 U 20 01 
L M 1 


R A of the meridian of the place — local sidereal time 
bsR AMS atthegjcen instan* -r mean tim*nt the place ± ]2h 




h m 

S 


RAMS 

= 9 14 

20 91 


I M 1 

= 4 45 

0 


Sum 

= li aJ 

20 91 


Deduct 12 1 

= 12 



I ST 

= 1 aO 

20 91 

Alternative method 

— 

h m 

s 

Correction at 9 85C5 s 

ST of G M M 

= 21 12 

12 31 

for long 5h 14 m M 

\cld correction 

= 

j1 58 

= 51 58 s 

S 1 . f I M M 

— 21 13 

ii 09 

S I corresponding to 

Vdd ^ I 

= 4 45 

46 82 

4 h 45 ni 

Sum 

= >■> 59 

20 91 

= 4 h 45 m 40 S ’ s 

Deduct 24 h 

= 24 



L S T 

= 1 59 20 91 


Example 6 — Determine the local apparent time at a place 
in longitude 72® 30 24' L from the following dita 

(0 L S T = 10 h 20 m 18 s (ii) G S T of G "M N 
— 3 h 14 m 2Ss (m) I 1 at G M \ on April 8, 1939,= 
2rp 15 ISs subtractiic from M T and decreasing at 0 7075 s 
per hour 
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Lonj,72® 30 24' E 
— 4h 50m 1 6s 
Iletardation at 9 856 s per hour 
= *7 64 s 


f>r4h 50 m 1 6s 


h m s 
3 14 28 


<r S T of = 

G M N 

Retardation = — 47 64 


3 13 40 J 


Retardation at 9 8296 s per 

hour of S 1 Cl 

tor?*, ?X9 8296 ^ 68 80 -s|l LT” 

X9 8296 0 983 s 


I S T of 
L at N 

s T = 10 20 18 

DeductLST = — 3 13 40 36 
ofL M \ 


60 ' 


3- L C T 

"64$ „ ®*>:9 8290 0 102s 

3600 Deduct 

Ilona E 


as - 4 50 1 < 


sum = 69 892s 
* 69 so s 
1- T at G ai N = 2rn J 5 18 s 
Decrease for 2h 15 m26 16 s 

{ = 2 2573 h ) 
at 0 “O-o s per hour 
= 0 “^075 X2 2573 
= 1 597 — 1 CO s 


OCT 
I Deduct E T 
GAT 
Add long 

L A T 


= 2 15 26 15pm. 
-= - 2 13 58 
* 21312 57+12h 
= 4 50 1 60 


= 7 3 14 17+I2h 


E T at obsen atiou 
= 2 m 15 18 « — 1 CO s 
= 2 m 13 58 s 


Example 7 — The folloiving notes refer to an ob«ervation 
or tune made on a star on Jan lo 1939 

Latitude of the place * 45“ 28 40' N , mean observed 
altitude of the star = 32" 12 30', R A of the star = 4h 2am 
3 03 s decimation of the star *19" 2 48' 45 

The star east of the meridian m-aa sidereal time of obs-r 
' ^ — 0 I 12 m 53 s bv sidereal chronometer Find the 

error of the chronometer 
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(i) Hour angle (H) of the star 

In the astronomical triangle ZPS ZP — 90® — 7S = 90® — < 
and PS =5 90® — 3 where 9 — latitude «< = altitude , and 
8 = declination Using the cosine rule we get 

cos ZS = cos ZP cos PS sm ZP sin PS cos Hi 
1 " sin •< = sin 9 sin 8 -*■ cos 6 cos S cos Hi 

TT sm i< * ^ „ 

or cos Hi = — tan $ tan S 

cos 8 cos 8 

_ sm 32® 12 30' 

“ cos 45® 28~i0' cos 19® 2 48' 45 
— tan 45® 28 40' tar 19® 2 48' 45 
« 0 £041642 - 0 3510477 « 0 4531165 
Hi s 63® 3 22' 28 » 4 b 12 m 13 49 s 
Since the star is east of the meridian 

Hour angle of the star =860® -Hi =360* — (63* 8 22* 28) 
= 296® 56 37' *2 
— 19 b 47 m 46 51 s 

or -24h (4hl2m 18 49s) 

h m s 

R A of the star == 4 25 3 03 

H A of = 19 47 4G 51 

L S T of obs -^^24 13 49 o4 

« 0 12 49 o4 

Chronometer time = 0 12 53 

Chronometer fast 3 46 s 

To Determine the Sun s Declination at any Instant of 
Local Time — In the \ \ the values of the sun s dechnation 
are given for both (i) 0 h G M T (midnight) and (u) transit at 

Greenwich which are for G A T = 12 h for tierv day of the 

>ear and also lariatious per da> 

Rule — (1) First obtain the corresponding G M T orG A T 
hxpre«s the hours minutes and seconds as a fraction of a day 
This fraction (n) is to be used m the mterpolation 
5. 1.-U 10 
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{2) If the time so obtained is G 31 T , obtain the sun s 
decimation at 0 h GMT and its variation per dav for the {jiven 
date If the time obtained is G A T obtain tlie sun’s declina 
lion at transit at Greenwich and its \anation per day 

(3) Compute the chan^ in declination for time interval 
ince Greenwich Tlidnight or Greenwich npparciit noon as 
lound in (ll from the known \anation per day 

Tliere ire two wa\s of computing the change m declination 
F*rst method — (i) Comcrt hours minutes, and seco ds 
into decimals of a day (ii) 3tultiply the daily \ariation b\ 
decimals of a daj (m) Add tins change in declination alge- 
braically to the sun & declination as found in (2) The result 
gives the suns declination at the given irstaiit of local lime 
This method does not gi\c quite accurate results since the 
hourly variation itself is not constant but changes from hour 
to hour 

Second ^^e^}■od (Bessels Method) — This is a mos^ 
accurate method In this method the required value is obtained 
by u«mg Bessel s formula 

Let /.j /,, fi, ft be the successive values of the funetioa 
which is to be interpolated Let the first differences between 
these values be denoted bv A appropriate suffixes and 

the second differences by with appropriate suffixes 

Then we have 

/-i-X = A_i. /. /o = A'j. /i-A = A3 
A j - A j = A% A I - A j = A'l 
Bessel sfarmula — /i.=A "^“A j 

in which fn= the value of the function which we want to fmd 
and which lies between A «nd fi, n the fractional value of the 
interval between two tabular values 

The method is best illustrated by the following evampl* 

Example — Find the suns declination at 10 a m 
August 5 1953 in longitude 30" F 
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h- 

August 5 : L. M. T. = 10 

Deduct Long. K. = 2 
Corresponding G. M T. -= 8 h. =0'3333 d. 
n = 0*3333. 


Fronj A. the following data are extracted : ' 

Date Sun’s declination at 0 h. G. M. T. Variation per day* 


+ 17° 7'21' 3 (/,) 


— 957'*5 
— 974'*8 
—990* *7 


Herc/.i = A'_i =- 957'-5;/j-/.=. A'| ^ -974' 


ft -ft = A'^ = - 990'*7 

A‘ J - A’_ j A% = - 974* *3 - ( - 957' 5) = - 16* *8 
A'l - A'^ = A\ = -990'-7 -(-974'*3) = - I6'-4, 
Note : — The four dates on which the tabular differences are 
obtained should be so selected that the instant lies between the 
two middle dates. 


*, By Bessel’s rale, we have 

Change in declination =*nA'i + — ^ (A*o + A'l) 
5 4 

-0 S333 (-971.3) + 


= —334' 77 + 1' 84 =— 322'*93 = — 5' 22'*93. 

Hence the Sun’s declination on 1933 Aug. 5, 10 h. ~fn 

= +17° 7' 21**3 — 5' 22'*93 
= + 17° 1' 58' *37 

In the approTunate (first) method, the second term in the 
formula is omitted. .. change in declination = — 324' *77 
— — 5' 24'*77 IVhen great accuracy' is required, Bessel’s method 
may be used for findmg the ngbt ascension of the sun, and the 
equation of time at a given instant of local time. For fair accuracy, 
the first method is used to compute them. 

Corrections to the Observed Altitude of a Celestial body, 
( a star oi the sun): — 
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^Then detenninmg the true altitude of a star or the sun it 
IS necessary to apply the foDowing corrections to its obseTcd 
altitude. 

I Instrumental Corrections — 


(1) Correction for Indei: Error — The index error u the 
small 1 ertieal angle between the Ime of coUiioation and the 
horizontal bubble line of the azimuthal or altitude bubble II 
maj be determined as follows — 

(i) Bisect a a ell defined object such as a church spire 
with the telescope r ormal ( Pace Left ) and obseri e the vertical 
angle •<! 

(u) Change face and with the telescope reversed (Face Right) 
bisect the same object again Observe the ve-tical angle Kt 
Let e<i = 8* 20 40* and ^,=8*21 10 * 
hlean vertical angle = 8® 20 Sa* 

Whence the index correction for face left observation 

= +15 

. > nght , — — la’ 

It raa> be noted that the index error is said to be + E or 
— E according as this amount is to be added to or subtraste^ 
from the observed altitude 

When the altitude of a star or the sun t> to be observed 
it may sometimes happen that it is not practicable to take obser 
vations on both faces and therefore only one face observation 
is taken In such a case the correction for the index error 
is necessary The index error is eliminated bv taking Faee hit 
and Face nght observations 


WTie 1 the Face left and Face right observations are ntvl 
on the sun the upper and left hand limbs should be made to 
touch the horizontal and vertical hairs res 


b 

U) Tg 125 (t.) 


pcctivel} m the W quadrant for one fs« 
obsenation as in Fig ) 2^? a and the lower aa 
right hand limbs should be made to touc 
the horizontal and vertical hairs respective 


m the S E quadrant for the other face observation as shown lO 
Fig I25b, or vice versa 
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(2) Correction for Bubble Error — The correction for the 
bubble error w necessary when the altitude bubble does not 
remain central whfle the observations are being taken 

Correction for bubble error = + X P* 

n 

in which 20 = the sum of the readii^ of the object glass 
end of the bubble 

2E = the sum of the readings of the eye piece end of the bubble 
ft = the number of the bubble ends read 
V = the angular \ alue of one dii'ision of the bubble in seconds 
The sign of the correction is plus or minus according as 
20 IS greater or less than 2E 

The observed altitude when corrected for index error and 
bubble error (and senu diameter) is called the apparent altitude 

n Observational Corrections ~ 

( 1 ) Con ection for Refraction — ( Fig 126 ) Rays of 
light passing through layers of air of different densities arc 
bent Consequently, the objects appear higher than tbej really 
are, causing an error m altitude Thus in Fig 126a, the path 
of a ray of light from the celestial body S to an observer at 
B is curved, and when the ray finally reaches the observer. 


s 



Fig 126 (tt) Fvc 126(b) 


it appears to him to come m a stra^ht Ime from S (u e BS ) 
Thus the celestial body S appears to the observer at B to b 
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‘t PeSv T Th “ “ “PP“” S'”"' «>” 

beT?, “ is, thapetore, always to 

be svblraded fpom the obsepyed altitude (always negative). 

s the P°dUon ot the heavenly body; S' its appapent position- 
the angle S BD the appapent altitude ( < ) The angle S'BS 
<s known as the correction for refraction. 

. The true altitude = SBD = S’BD — S'BS. 

It may be calculated from the formula 

Correction for refraction .= 58' cot f 

, « oo cot<, at a pressure of 

( m seconds ) ... *1 

Qj, ‘ / 5 cm of murcury 

” ” ~ and a temperature 

, , of 10“C .. ,.(32) 

m which K « the apparent altitude of the heavenly body. 

2 “ apparent zenith distance of the heavenly bodj 

(il 1°^ pofraction coppection depends upon 

chert fem '; PPessure, and (ni) the atoos- 

tZ T/T Z “ “ i«>Wbody n m the 

tS f 1 ® “ »'■ 'b' bopi'on. It maybe noted 

but ,r„ ? '■’"M.on does not depend upon the distance, 

pefLct' n r’ " ““ ““ ’■b-' of tho coppeetion f.P 

temuepflt,, ^ I'aPticulap altitude, atmosphcpic ppcssupc, and 
Chamh ’ "awn ^ obtained from refraction tables given in 

Ssst s Bf oooorotf™* 

Bessel s Befroetiou Tables may be used 

tiicli Parallax — Since the sun is compara- 

on the s f'’ altitude of the sun when measured at a point 
tthe eeoi' "p.n 'bat when measured 

, thp siiT ' ^ ° if diffeoence of altitude being kuown 

IS the arifilA^ ^v!i° olMude. The sun’s parallax m altitude 

the ™b"'“'ed at the centre of the sun by the line joining 

'he pkee of obsepsotion to the centre of the earth. 

centre bopoon, the angle subtended at the 

C sun by that Ime is known as the sun’s konzonia 



FIELD ASTRONOMY 


295 


parallax The horizontal parallax varies m^ersel> with the 
sun s distance from the earth It vanes from S' 95 (on 31st Dec ) 
to 8* 66 {on 1st July) on iccount of the varving distance of the 
sun from the earth, the a\erage ^alue being 8' S Its value 
IS given dailj m the >iautica) 
Almanac The formula for the 
sun’s parallax in altitude 
may be derived as follows 
Tti Fig 12'* let B = the 
placeofobserv ation O — the 
centre of the earth 
S ^ the position of the sun 
S, — the position of the sun 
when on the 1 orizoii 
OA s=»the true horizon BD =» the sensible horizon 
SOA » the true altitude , SBD = the apparent altitude( *c ) 
BSO s parallax m altitude BSiO » honzontal parallax 
SOA » SDSi « SBD + BSD 

True altitude =* observed altitude painllax in alti 
tude (S3) 

OBS * OBD + SBD « 90®+ 

Nowfrom the triangle OBS,sm BSO =* sm OBS ■= cos -c 



But «smBS,0 

OS OSx 

sm BSO — sin BSjO cos k 

Since the angles BSO and BSjO are very small, we liavc 
Parallax in altitude = horizontal parallax X cos «< (3i) 


Correction for parallax = + parallax in altitude 
= + horizontal parallax X 
cos apparent altitude 
1- 8' 8 cos << (S40. 

The sign of the correction is abrat/s plus The correction 
for parallax is required m the case of observatiors upon the sun 
o^l> ^Vhen observations are made upon the fixed stirs the 
correction for parallax being verv small owing to their infinite 
distance, is ignored 
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III. Correction for Semi-diameter — (Fk^ 128} Serai- 
diameter of the sun is one-half of the angle D, subtended at the 
centre of the earth, by the diameter of the sun Smee the sun s 
distance from the earth is not constant, serai-diameter vanes 
throughout the year, its value lymg between 15' 45' and 16' 18' 
It 13 given for every day of the year m the Nautical Almanac 



Fig 128 

.ffi observing the sun, it is the usual practice to observe 

(«dge) as the cross hairs cannot be 
Th« u t centre, the diameter being considerable 

. . * * u e 0 the sun s centre may then be obtained by applying 

j. semi diameter algebraically to the observed 

. ^ ^ additive when the lower limb is observed, and 

fn when the upper limb is observed The correction 

•amf'ter is eliminated by taking observations on both 
f.nnc V. I* R ) ^\hcn the stars are observed, observa 
Ilf upon their centres, since thev appear as points 

o ere is therefore no need to apply this correction 

V in Fig 128, <i = tJie observed altitude of the loner 

«<* = the observed altitude of the upper limb, .< =the 

itude of the centre , and = the correction for semi diameter 


thi. i'J”' honrontal angle to th.- sun « to be measured. 

or west limb of the sun is observed A correction for 
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semi diameter in azimuth must, therefore be applied to the 
observed horizontal angle m order to obtain that to the sun s 
centre It is given by 

Correction for semi diameter in azimuth 

= semi diameter X secant altitude 


n Correction for Dip — It is necessary to apply the 
correction for dip when obser 
vations are taken upon a star or 
the sun with a sextant at sea its 
altitude being observed fr m 
the visible or sea horizon Ihe 
angle between the sensible 
horizon and the MStble horizon 
IS called the angle of dip 

In Fig 12£> le* 



S B the position of the sun 
ah ss tl e sensible horizon 
AP =* the visible horizon 

HAP as the angle of dip (/») = the correction for dip 
SAP = the observed idtitude corrected for refraction 
SAH the altitude corrected for dip 
AC=A= the height of the observer above sea level m m 
R » the radius of the earth in m 
HAP = AOP P OA«R+AOP=R, 

AP = 


OP R R ^ ^ 

= j ^ (approximate) (35a) 

V B 

SAH«SP —HAP «®the observed altitude corrected for 
refraction — the correction for dip 
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The correction for dip is always negalive Its amount vanes 
with tlie height of the observer above sea level and its values 
for \ arious heights may be obtained from the tables given in 
Chamber s ^lathematieal Tables 

Correction to Horizontal Angles 

In making obsenations to determine azimuth, it is nece 
ssary to measure tlie horizontal angle between a reference mark 
and the heavenly bod\ The instrument must, therefore, be 
in perfect adjustment Even though the adjustments are made 
with great care there remain certain residual errors which affect 
the aecuracv of observations The effect of these errors is eli 
minated hj taking double face observations 

As the sights to the heavenly bodies are usually highly 
inclined it is most important that (1) the instrument must be 
accuratelv levelled (i e the vertical axis must be truly vertical) 
and (2) the trunnion axis (horizontal or transverse axis) must 
be exactly perpendicular to the vertical axis If the vertical 
axis is not truly vertical the trunnion axis wBl be iodised eveo 
though it IS in perfect adjustment, and this error (i e due to the 
inclination of the trunnion axis) cannot be eliminated The 
inclination of the trunnion axis may be sscertamed by means ol 
A striding level 

Trunnion Axis Dislevelmeat — ^Vhen the trunnion axis u 
not truly horizontal as shown by the observations with the 
striding level, and when inclined sights are taken, it is necessarj 
to correct each observed horizontal direction The amount of 
this correction is given by 

C m seconds = e tan << 

where ^ = the inclination of the trunnion axis, m seconds 
= the vertical angle (+or — angle) 
the value of e may be determined from the formula 

c in seconds = -5? — X angular value of a bubble division, 

m which £f = the sum of tiic readings of the Ifjl kanJ 

of the bubble in the direct and reversed 
positions of the stndmg level on the trunnion 
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Lr ss the sum of the readings of the righl-hand 
end of the bubble in the direct and reversed 
positions of the striding level on the trunnion 
axis 

If SI IS greater than Sr, the left*hand end of the axis is 
higher, while if Sr is greater than S/, the right hand end of the 
axis higher. If the left-hand end of the axis is higher, the correc- 
tion to the observed direction (i e to the average of the two 
vernier readmgs) is positive, while if the nght-hand end of the 
axis is higher, the correction to the observed direction is 
negative The horixontal circle reading for each direction 
should be corrected separately and then the horizontal angle 
should be obtained by subtraction 

The error of the lei el = j x angular 

lalue of a bubble division 
The observer should face the direction m which the instru- 
ment IS pointed while the ends of the bubble are being read 
Due to the inclmat or of the trunnion axis there is an 
apparent displacement of the objects sighted It is towards 
the side of the higher end of the trunnion a\i> for angle# of 
elevation, and towards the side of the lower end of the trunnion 
axis for angles of depression The sign of the correction is, 
therefore, given by the following rule 

(a) When the vertical angle is an angle of elevation — 
The sign of the correction to the observed direction is plus 

or minus accordmg as the Icfi hand end of the trunnion axis is 
higher or the nghi-kand end of the trunnion axis is higher 

(b) When the vertical angle is an angle of depression — 
The sign of the correction to the observed direction is 

plus if the right-hand end of the trunnion axis is higher, and minus, 
if the left-hand end of the trunnion axis is higher 

The error is eflmma^erf when <A« ob/ecfs sighted' are at 
the same elevation, and also when Face left and Face right 
observations are taken 

Example • — Given (i) the mclination of the horizontal axis 
IS 8'; (u) left-hand end of the horizontal axis is higher, (iiij 
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when the left hand station wa» bisected the vertical angle 
was + 10 * 12 and when the right hand station was bisected 
it was— 5® 6 Find the correction for dislevelment to be applied 
to the horizontal angle 

The correction to the observed direction when the left 
hand station was bisected 

= + 8* tan 10® 12 = J- 1* 4i since the vertical angle is 

plus 

The correction to the obsetv ed direction when the r ght hand 
station was bisected 

8' tan 5® 6 = — 0 714 since the vertical angle is 

minus 

If X and tf be the respective horizontal circle readings when 
the two station? were bisected the correcled horizontal circle 
readings are a? + 1* 44 and tf — 0’ 714 

The horizontal angle between the two stations 

= (y— 0 714) -(*+1 44) 

= 714 + 1 44) 

Whence the correction to the horizontal angle * 

-<0 714 + 1 44) » ~2' la4 

Determioatioa of Azimuth 

Reference Mark — In determining the azimuth of a star or 
other heavenly body it is necessary to have a reference mark 
(R M ) or a referring object (R O ) The reference mark 
may be a triangulation station or it may consist of a laa 
tern or an electric light placed m a box or behind a screen m 
which a small circular aperture js cut to admit light to the 
observer Sometimes a narrow vertical sht is cut instead of 
a circular hole For daytime observations the face of the screen 
is painted with stripes or a target is painted on the side of the 
box towards the observer The size of the aperture depends 
upon the distance of the mark from the instrument (0 0 cm at a 
distance of 1 1 km) The reference mark should be wherev er 
possible about i ^ km away m order to obviate the necess ty of 
refocussing the telescope in bisecting the mark after bisecting 
the star It should be so situated that the line of sight is well 
above the ground to mmimse the error due to lateral refraction 
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I Observations for Azimuth — ^When determining the azi 
mutb of a sun e} Ime, the process consists in (i) measurmg the 
horizontal angle between the reference mark and the heai enly (or 
celestial) bodj, and (ii) deter mi n in g the azimuth of the celestial 
body The azimuth of tlve reference mark may then be cal 
culated from the measured angle and the calculated azimuth of 
the celestial bodj The azimuth of a survey line may then be 
obtained by measurmg the horizontal angle between the mark 
and the line, and combining it with the azimuth of the mark 
Allematn elj , if the reference mark is the other end of the surrey 
line, th“ azimuth of the line may be determined bj measurmg 
the horizontal angle between the line and the celestial body and 
combmmg it with the azimuth of the celestial body There 
are several methods of determmmg the azimuth of a line But 
m practice, preference is given to such methods which will per- 
nut face left and face right observations to be taken m order 
to eliminate mstrumental errors and which will allow observa- 
tions to be made at an) time and with the required precision 
It IS advisable to select a close circumpolar star, since suen a 
star changes verj slowly in azimuth m a given length of time 

Determination of Approximate Position of a Star —Prior 
to makmg observation on any star, its approximate position 
at a given time should be known so that jt can be easily picked 
out and readdy brought into the field of view of the telescope 
If a star chart is available a given star may be readily mdenti- 
fied with the eye and maj be brought mto the field of view of 
the telescope without an) difficultv But if the star chart 
IS not available, the approximate altitude and azimuth of a given 
star must be computed The right ascension and declination 
of the star may be obtained from N A Knowmg the local mean 
time, the hour angle of the star may be calculated as already 
explained Knowing the latitude of the place, and the hour 
angle and declination of the star the altitude and azimuth of 
the star may be found bv solvmg the astronomical triangle 
ZPS The vertical vernier of the theodolite is then set at the 
value of the altitude Knowing roughly the direction of the 
meridian the star raav be readdy brought into field of view by 
turmng the vernier plate through an angle equal to the azimuth 
of the star 



302 


SURTEYINO A^D LEVEIirKC 

call '■'“■“Pi"". «■»= -s a b„5hl star 

olans ( < Ursa Minons) also Inown as the Pole Star of 


F*S 130 

to bo seen mlhtheaal,ede}e 

for the Vet.™, o’' “>"1 

raaVVel. Tf “'5 '•‘■‘a* USescnb.. s 

foirchan™sVV°“ p '"““'“to pole Itsatmuth thero 

the consteriation'/ * ^ easily identified by means of 

stats as s*hoL ^ p “"^''''ation consists of seven most brilhsat 

eleat night The ftars’^V T “ “I" 

rMinii>T-« . ,, , ^ ^ *fe commonlj known tts the 

ttTool '7 '“““8 Stats passes verjr neatly thtough 

the -Whendetern.n,a,|; 

place of ohr'^T “ ‘t b»'>'' ‘be latitude of the 

obVVeH °'”,l 1°" “ ’P-y be taken from a map or may be 

Polam v:h^h accuracy by obsemng the altitude of 

There are t" ** ' ^ty nearly equal to the latitude of the place 
meVdiao V"° -ethods of determining the tnie 

and fa, 1, observation on Polaris at cuImmatioQ 

^^0 0,0 / ™ P-bins at elongation The l.ttei 

shVdd h„ '7""“' '»“> ‘be methods the theodolite 

view can 7 n''? p° ^ position that a clear and unofastnicted 
view can be had for a d.stimco of about 120 to 150 m 

a dale -In this method 

10 olans is at upper or lower culmination dutmg 
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the night or during the early part of the e^ ening is selected The 
exact time of upper culmination of Polans is then ohtamed from 
special tables which give local times of upper culmmation of 
Pola is for dilTerent dates The time of lower culmination of 
Polans can be obtained by the relation, Mz time of lower 
culmination = time of upper culmination ± Hh o8 m Use plus 
sign vfaen the time gf upper culmination is less than 11 h 58 m 
and mmus sign vhen it is greater than 11 h oSm 

In the absence of special tables the time of culmination may 
be computed as already explained It may be noted here that 
at the instant of upper culmination local sidereal tune is equal 
to the right ascension of the star and at the instant of lower 
culmmation it equals its right ascension plus 12 hours 

Procedure —(1) About 15 minutes before the tune of culmina- 
tion set up the theodolite over a gu'en station and level it care- 
fully The vertical circle vernier should be set to the latitude 
of the place to facilitate findmg Polans 

(2) About 5 minutes before the time of culmination, direct 
the telescope to the star The cross wires should be iDuminated 
by holding a lamp m front and towards one side of the object 
glass The modern instrument is electncally illuminated 
\\ith both motions clamped follow the star continuously with 
the lertical hair bj means of cither tangent screw imtil the 
exact time of culmination 

It may be noted that when the star is approachmg upper 
culmmation it will appear to be mosrng towards the left, while 
''hen it IS approachmg lower culmmation, it will appear to be 
moving towards the right 

(3) Depress the telescope and set a stake on the Ime of 
sight at a distance of about 120 to 150 m from the mstrum'^nt 
and fix a tack m it exactly in line with the s ertical cross hair 
The line joining the two stakes defines the true meridian 

II Observation on Polans at Elongation (Western or 
Eastern) — In this method it is necessary to know the approxi- 
mate tune of elongation to enable the obseri er to know about 
when to make an observation It may be readily obtained from 
special tables or it may be calculated as already explained 
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Polans IS at ivestein elongation about 5 h 55 n after upprr 
cnhmaation, -while it is at eastern elongation about 5 b 5o tn. 
before upper culmination. 

Procedure — (1) About 20 or 30 minutes befo*e the tirci 
of elongation, set up the instrument over a given station an3 
level it carefulls Set the vertical s emier to the latitude of the 
place to facflitate findmg Polans » 

(2) Set the vernier to zero and direct the telescope to t. • 
star Having clamped both motions follow it contmusllr 
with the vertical hair b\ means of the lower tangent screw 1 
may be no*-ed that if the star is approaching western elongahoa 
it will be movmg to the left while if the star is app*oacliJij 
eastern elongation, it wiU be mormg to the right Just about 
the tune of elongation the star stops moving honzontallv bu 
appears to move verticaUv along the vertical hair down^a*d fo 
western elongation and upward for eastern deogation 

Follo-w the star with the vertical cross hair untQ the tea* 
of elongation. 

(8) Depress the telescope and set a mark on a stale la Iio* 
with the vertical cross hair at a distance of about 120 m 

(4) Transit the telescope and relevel the mstrunjent if 
necessarj , and bisect the star again Depress the telescope aod 
set a second mark on the stake beside the first marik. Tb* 
pomt exacth midway between these two marks gives the exact 
position of Polaris at elongation and the line joining the instni 
ment station to the pomt so established gives the d.recboa o 
Polans at elongation 

(5) Calculate the azimuth of Polans by the equation 

sin azimuth =» cos^^hnat^ j azimuth to the 

cos latitude 

east or to the west accordmg as the star is at western elongation 
or eastern elongation The Imc of sight is then directed along 
the true meridian. 

^6) Drxvt a stake on tbe boe ot sight at a distance oC about 
120 to 150 m and set a mark on the stale exactly m Imc 
the vertical cross hair The Ime jommg the two stales gives the 
direction of the true meridian. 
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Alternatively, the true meridian may be established bj a 
perpendicular offset from the established point (in step 4), which 
may be calculated by the relation offset = distance from the 
mstrument station to the point established X tangent of azimuth 
of Polaris 

Determination of Azimuth — The azimuth of a survey 
line may be determmed by (1) extra-meridian obseriation of 
the sun, (2) extra meridian observation of a circumpolar star, 
or of a star near the Prime Vertical, (3) observation of a circum- 
polar star at elongation, and (4) equal altitudes of the sun, or of 
a circumpolar star 

(1) By Extra-Meridiao Observation of the Sun — In this 
method the altitude of the sun is obseried with a transit set 
up at one end of the Imc, and the horizontal angle between the 
survey line and the sun is measured in the usual way Whene\ er 
possible, Face left and Face right observations sliould b“ taken 



and the mean of the results adopted 
The local mean time of obsen ation 
must also be noted Knowing the 
altitude of the sun the latitude of the 
place and the sun s decimation at the 
instant of obser\ ation, the azimuth of 
the sun ma> be computed bj solving 
the astronomical triangle ZPS (Fig 
131) The azimuth of the line mav 
then be determined from the azimuth 


Fig 131 of the sun and the angle between the 

line and the sun It is advisable to draw a sketch showing the 
relative positions of the meridian, the sun, and the line, from wluch, 
it may readily be seen if the angles are to be added or subtracted. 
In Fig 131, let 


0 =3 the position of the observer (Instrument station) 

B = the referring object 

OB = the survey Ime whose azimuth is to be determined. 

S = the position of the sun at the instant of observation.. 
BOR = the mean horizontal angle between the Ime and the sun. 
PZS *= NOR = A =3 the azimuth of the sun. 

< ■= the corrected altitude of the sun. 
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5 s= the decimation of the sun at the instant of observation 
$ as the latitude of the place 
Knowing the local mean tune of observation and the longi 
tude of the place, the decimation of the sun at the mstant ot 
observation may be obtained from its declination at G 3l JJ! or 
G. >1 X as taken from the Nautical Almanac (N A) The true 
altitude of the sun is found by appl>ing the proper corrections 
to the observed altitude The three sides of the triangle ZPS 
being known, the angle V7& (A) may be computed from 

A /sm(s — ZP)sm(#— ZS) 
tan - / • — — — — ' — — — “*■ * 

2 V sm A sm (a — PS) 

where a - i (ZP + ZS + PS) 

* sin S — sm < sm 

or cosA«= — 

cos < COA d 

Thentbea 2 imuthofOB s=NOB «NOR-BOIl=A-BOR 
In order to obtain best results, observations should be 
made between 6 a m to 10 a m or between 2 p. m to ^ p a 
local taean tune 

For greater accuracy, tne sun should be obser% ed when it is 
near the prime vertical, smce it then moves slowly m azimuth 

(2) By EYtra-Mendian Observation of a Circumpolar 
Star, or of a Star near the Prime Vertical — In this case tie 
procedure is similar to that described m the preceding case The 
L M T of observation need not be known very accurately, 
smce the declination of the star varies very slowly 

In order to minimise the effect of errors of the observed 
altitude, the star should be observed when it is on or near tie 
prune vertical since it then moves slowly m azimuth Conse 
quently, there is sufficient tune to take circle left (F L ) and 
circle right (F II ) observations The star at the tune of obse^ 
vation should not be too low, otherwise refraction will be great 

(3) By Observation of a Circumpolar Star at Eloagai* 
tion —A star is said to be at elongation when it is farthest 
from the pole. If \t is east of the meridian, it is said to b« 
at eastern elongation, wUde if it is west of tiie meridian, it is 
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said to be at western elongation ^Vhen the star is at elonga 
tion it appears to move ^e^tIcalIy and the 
vertical circle through the observer s zenith 
(swept out by the telescope) is tangent to the 
circular path of the star (Fig 132) In this 
position the angle between the plane of the 
decimation circle and the plane of the ^ ertical 
circle IS a right angle In other words the 
" parallatic angle ZSP of the astronomical triangle 
Fig 132 ZPS IS a right angle This position is the mos*- 
favourable for observations to determine azimuth 



Prior to making observations it is necessary to ascertam the 
time at which the star will elongate It may be determmed as 
follows — (i) Knowing the latitude of the place and the decli 
nation of the star calculate the hour angle of the star by the 

. . , tan latitude 

equation cos hour angle = 

tan declination 


(n) Convert it into time and add it to the R A of the star for 
west elongation and subtract it from R A for east elongation 
The result gives tl e local sidereal time (L S T ) of elongation 
(in) Convert this time into mean time 


The horizontal angle between the line and the circumpolar 
star when at its eastern or western elongation is measured with 
a transit on both faces Ivnowin^ the de hnation of the star and 
the latitude of the place the sides PS and ZP of the triangle 
ZPS are knovn The azimuth of the star i e the angle PZS 
may then be calculated from 

> Tirr^ cos decimation cos 5 , . , 

sm A = sm PZS = — — = since the triangle ZPS 

cos latitude cos 9 

is right angled at S The azimuth of the Ime may then be deter 
mined from these angles as explimed above The star observed 
may be IPd'iaTis (Yd'iC or any oftier circumpo’iar star Polaris 
IS a bnght star and being near the pole it changes its position 
slowl} Of all the bright stars it is most favourably situated for 
accurate determmation of azimuth and latitude and is therefore 
most commonlj used It is not convenient for time observation 
as it moves slowly m azimuth. 
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(4) (a) By Equal Altitudes of a Circumpolar Star — 
Let OB be the line whose azimuth is to be determined 

The instrument is set up at O and the horizontal angle 
between the reference mark or referring object at B and the 
star IS obsened The lertical circle is then clamped WTien 
the star reaches the same altitude on the other side of the meridian, 
it is bisected with the cross hairs by turning the telescope in 
izinuth and using the tangent screw of the vernier plate, with 
the reading on the vertical circle remammg unaltered The 
mean of the two vernier readings gives the horizontal angle 
between the Ime OB and the new position of the star 



Fig 133* Fig 133 b 


In Fig 127s, let NS = the direction of the meridian at 0 
Si and Sj = the two positions of the star 

OB =sthe line whose azimuth is to be deter- 
mmed 

BOSj = «< j =s the horizontal angle between OB and 
the first position (S^) of the star 
BOSj = = the horizontal angle between OB and 

the second position (S*) of the star 
A = the azimuth of the line OB 
Smee the direction of the meridian is midway between 
-the two positions of the star, the azimuth of the Ime may be 
determmed as follows 

Case I — WTien the two positions of the star are on the 
-same side of the Ime (Fig 133a) 
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Azimuth of the Ime OB = NOB =» A 

^ j + 

1 c half the sum of the observed horizontal angles 

Case II — “When the two positions of the star are on oppo 
s te sides of th'' line (Fig 127b) 

Azimuth of the line OB = \OB = A. 


•<1 + *<8 *<8 
2 ^ 2 

1 e half the difference of the observed horizontal angles 


The abo^e procedure is followed when the instrument is in 
perfect adjustment If the instrument 
IS not m perfect adjustment it is neces 
sary to take a set of at least four ob* 
scrvations m order to eliminate mstru 
mental errors The procedure is as 
follows — 

(1) The instrument is set up at O 
as before With both plates clamped 
st zero and with the verlicle circle 
saj on the left the reference mark B 
(Fjg 133 c) IS bisected The star in 
the position is then bisected and 
the horizontal angle BOSj (Hj) and the vertical angle (Vj) 
are recorded 

(“) The face of the mstrument is then changed With 
the \erlical circle on the nght the star which is now at Sj 
is again bisected and the horizontal angle BOS^ (H*) and the 
vertical angle (Vj) are noted The mean of the two angles Ht 
and Hj gives the \ alue of the horizontal angle between the Ime 
OB and the star at observation (3) The instrument is left 
undisturbed with the telescope kept clamped at the vertical 
angle (\ j) ^Yhen the star approaches the same altitude (i e 
the position S 3 ) on the other side of the meridian the vernier 
plate IS undamped \Vben the star is seen m the field of view 
of the telescope the vernier plate is clamped and the star is 
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bisected by means of the tangent screw, notmg the honzonU 
BOSj (Hj) (4) The face of the instrument is changed and th* 
vertical circle vernier is set to read the vertical angle (T|) 
With the vertical circle on the left, the star is again bisreted 
when it IS m the position S« and the horizontal aag’e BOS, 
(H|) IS recorded. The mean of the two angles Hj and Hi gires 
the value of the horizontal angle between the line OB and the 
star at observation when it is on the other side of the meridian 


When both positions of the star are on the same side o' 
the line OB (Fig 133 a), the azimuth OB = 

as m the preceding method On the other hand, if both positions 
of the star are on opposite sides of the Ime OB as in Fig 133 b 

the _ <g. - gji " . 

4 


(4) (b) Bv equal Altitodes of the Sun —The procedure 
in this method is similar to that descnbed above except the 
following — 


(1) Observations are made during the daytime (2) Siaetthe 
sun’s centre cannot be bisected, observations should be mad* 
on the right band and left hard limbs of the sun sntb the tele- 
scope normal and miertcd in both the moromg and afternoon 
observations (3) Since tbe actual altitude of the sun is not 
required the upper or the lower limb should be observed through 
out. (4) The number of forenoon observations should equal 
the number of afternoon observations (3) The tune for each 
observation must be noted (S) Owing to the change m th* 
sun’s declination during the interval between tbe moming 
afternoon observations, the azimuth of tbe Ime so obtained 
requires a correction 


Deternutintioo of Time 

tVhen determining azimuth or latitude bj astronomical 
observations, an aceuralt ^ time is requued It i*. 

therefore, necessary to determine time by observation m order 
to find the error of tbe watch, the chronometer, or other time 
keeper which the observer may be using 
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The local tune maj be deteinuned bj ( 1 ) extra meridian 
observ ation of a star, or the son, (2) meridian transit of a star 
or the sun, and (3) equal altitudes of a star or the sun 

(1) (a) By Extra-Meridian Observation (Altitude) of a 
Star — In this method the altitude of a star is obsen ed with a 
theodolite on both faces and the chronometer time at the instant 
of each obscr\ ation recorded For accurate results the star should 
be observed when it is on or near the prime vertical To minimise 
errors of observation, several altitudes of the star are observed 
in quick succession, half of the observations being taken with 
Face left and half with Face Vi^ht and the chronometer time of 
each observation recorded The mean of the altitudes is taken 
os the mean observed altitude and the mean of the chronometer 
tunes as the time at the instant of observation More accurate 
results are obtained when two stars are observed one east and 
the other west of the meridian, thereby eliminating the instru- 
mental and other errors The proper corrections are then applied 
to the mean observ ed altitude of the star Knowing the altitude, 
the decimation of the star, and the latitude of the place of 
obsen ation the sides of the astronomical triangle ZPS are known 
The hour angle of the star may then be computed from 

tan i ZPS = tan ® ( iT ~ 

2 V sin s sm (» — ZS) 

or sin c< = sin 5 sin S -r cos S cos S cos H 


When the star is on the prune vertical, 


giv en by cos H = 


tan decimation 
tan latitude 


tan S 
tan 9 


Its hour angle is 


The calculated hour angle in arc is then converted into 
time bj the relation 15®= Ih Knowing the R A of the star, 
the local sidereal time of observation is found from 

L S T = R A ± , the plus sing being used when the 

lo 

stir is to the west of the meridian, and the minus sign when it 
>3 to the east of the meridian Knowing the longitude of the 
place and the sidereal time of G M M (or G M N ), the L AI T 
of observation can be computed as already explained The 
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differeace between tbc calculated time and chronometer reading 
gives the error of the chronometer 


(b) By Extra-Meridian Observation (Altitude) of the Sun - 
In this case, the procedure is the same as above The altitude of the 
sun’s lower (or upper limb) is observed with the telescope normal 
and then the altitude of the other limb is observed with the 
telescope inverted and tJie watch tune at the instant of each 
observation noted The true altitude is then found bj appl}Tng 
the necessary corrections to the mean observed altitude Tu 
obtain more accurate results, several altitudes are measured in 
quick succession, tlie watch tune for each observation being 
noted To eliminate tlie instrumental errors and correction for 
semi diameter half the number ol observations should be made 
on the upper limb with Face left and half on the lower limb 
with Face right 

Note — ^I'he best position for observation on a star or the 
sun is on or near the prune vertical since m this position the 
change of altitude is most rapid and, therefore, the least will be 
the influence of the error of observation on the computed tune 

The mean observed altitude is then corrected for refraction 
and parallax and the hour angle (H) of the sun computed from 
formula (16) or (15) 

If the sun i? ohsen ed when on the pnme vertical, the houi 
angle is calculated from formula (21) The hour angle ui are 
when converted into time gives the local apparent time (L A T ) 
of observation 


When the sun is to the west of the meridian, 

L A T of observation = -5- since local apparent noon, 

’When the sun is to the east of the meridian. 

L A T of observation— 24h — 5- since local apparent aoon. 


orli A T of forenoon observation 


:12h — - 
] 

12 h + - 


of afternoon 
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Knowing the equation of time, the L "M T of observation 
can be found The difference between the calculated time and 
the time recorded on the watch gives the error of the watch 

(2) (a) By Meridian Transit of a Star — To use this method, 
the direction of the meridian must be knoivn accuratel} The 
star IS obsen ed with a theodolite when it crosses the meridian 
and the chronometer time at the instant of ils transit noted 
Smce the hour angle of the star at transit is zero the local sidereal 
tune at the mstant of observation is given by the R A of the 
star 1, S T la then coni erted mto L M T as already explained. 

(b) By Meridian Transit of the Sun — In this case, the 
transit of the sun is observed with a theodolite and the times at 
which the east and west limbs of the sun cross the mendian 
(i e pass the 1 erticol hair ) are noted by means of a watch The 
mean of these two times gii es the lime of transit of the sun s 
centre, i e the watch time of tbelocal apparent noon Knowmg 
the equation of time, the L M T atL A N can be determmed 

(3) (a) By Equal Altitudes of a Star —This is a very 
simple and accurate method and is used when the direction of the 
meridian is not accurately known Prior to making obsen ation, 
the approximate altitude of the star is computed The mstru 
tnent is then set up and accurately levelled The computed 
altiude of the star is then set on the \ ertical circle and the motion 
of the star is followed in aiimutb with the % ertical cross hair bv 
means of the horizontal tangent screw The time (T^) at which 
the star crosses the horizontal hair near vertical hair is recorded 
MTien the star approaches the same altitude on the other side 
of the meridian the lostrument is turned m azimuth and the star 
IS again followed in azimuth witli the vertical cross hair b\ 
means of the horizontal tangent screw until it is bisected by the 
cross hairs when the time (T,) is again recorded The mean of these 

( T, 4-T. \ 

— k- 1 gives the time of transit of the star It 

IS then compared with the local mean time computed from 
the R. A of the star to determine the error of the watch 
or chronometer For better results, the star should be obser- 
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error, index error are n f ^7°" 5e“d“e4>on coCimation 
star ;, not re " red M rCSo"* J 

star and the latitul „f the , ■'eolmation of the 

are The d.t.de.ntaeei 

obterr.lione ."nd Lu 7'‘ '’“'’'f 

tefraelion betireen tl e t™ oK " 

the livo observations ran h '’“'''“‘“"s The interval between 
whose deelination ditr ®we\er be redueed by selectm" a star 

It will be obsers ed tha7b I’T a small amount 

equality of tile altitudes ^ feature of this method is the 

mean of the tl t ' e7t V'7! 

east and west of the m A attains equal altitudes 

t.me of tlanL o7hr:;fr®''“ "" 

similar\o thaf^sMibed ate^ “ 

or lower) is obsened on , ”"P‘ 1‘mb (upper 

diameter correction and thatVe 

a correction r n account of tf. ^ transit so found needs 

n account of the change m the decimation of the sua 



Sun Dial The «: 

^hich mean time mav h*!. solar time from 

checkmg the watch L t (though not precisely) for 

m places where there •» ^ useful particular!! 

or clock timec Ti- means available for checking watch 

It con^ists of ( 1 ) a sharp straight edge called 
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the side or gnomon of the dial, and (2) the graduated circle 
When a sun dial is illuminated by the ra\ s of the sun, the shado*v 
of the stQe is cast upon the plane containing the graduated circle. 
The reading at the point of mteisection of the shadow with the 
graduated circle gii es the apparent solar time. The stile is always 
set parallel to the earth’s axis (always pointmg to north) The 
sun dial is classified as (1) Hori 2 ontaI dial, (2) Prune Vertical 
Dial, and (3) Oblique Dial, according as the plane of the dial 
contammg the graduated circle is horizontal, or hes m the prune 
\ ertical, or is mclmed to the horizontal 

Thus in Fig 134, BD^C represents the plane of the dial, 
DPC IS the plane of the mendian , OP is the direction of the 
stCe ; QA is the direction of the shadow of the stile , S is the 
position of the sun 

Example 1 — To determine the index error of a theodolite 
a church spue was sighted and the Face Left and Face Hight 
observations were 15® 48' 50* and 15® 47 20* respectively A 
Face Right obserNation on the sun’s lower limb was then made 
and the altitude was found to be 30® 40 25* The semi diameter 
of the sun at the tone of observation was 15' 59'*78 Find the 
true altitude of the sun 

The observed altitude of the sun is to be corrected for 
(i) mdex error (u) semi diameter, (in) refraction, and (iv) parallax 

(i) Index correction — 

Mean of the vertical circle readmgs = 4 (15® 48' 50' — 15® 47' 20 * 
=15® 48' 5*. 

Index correction for Face Right altitude 

= -.-(15® 48' 5'— 15® 47' 20*) 
= +45 

The observed altitude of the sun = 36® 40' 25' 

Add index correction 45*(+re) 

Altitude of the sun conecled for . 

mdex error = 36® 41' 10* 

(u) Since the lower limb of the sun was observed the 
correction for semi diameter is 15' 59**78 
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(111) Correction for refraction 

S7*cota6*41 10'=— 1' 16'*51 
(it) ,, for parallas 

= +S 8*cos36'’«'10' = + 7' 06 

Net observational correction =— 1' 9'*45 

Altitude of the sun corrected for index error =36“ 41' 10' 

Add correction for semi diameter = 15 59 78 

Sum =36 57 9 78 

Deduct net observ alional correction = 1 9 45 (—re) 

True altitude of the sun =36* 56 0' 33 

Example 2 — Determine the altitude of the stat^ tbs 
nzimuth of the line AB, and the local mean time of observation 
from the following data, the star being observed at western 
elongation 

Latitude of station A = 50* 45' N 

Longitude of , *» 54* 10' W 

Mean horizontal angle of the star to the right of the reLn* 
mg object B = 95* 20 47' 

Decimation of the star =62* 4'51'N. 

Hight ascension of the star = 10 h 59 m 59 s 
G S T of G M N = 6 b 12 m 20 s 

Since the star was observed at its elongation, the angle 
7SP of the astronomical triangle ZPS is a right angle 
Let e< = the altitude of the star , II = the hour angle of the star 
\ = the azimuth of the star, 9 = the latitude of the place 
5 the declination of the star 


rpL ^ sine * cosS „ tane 

i. ben sin •< = , sin A = , cos H = 

sm8 costf tanS 

sm K =. _ , log sm K -T 0)27010 

Sin 62“ 4' 51' 

< = Gl“ 12 3S' S 


sm A 


cos 62* 4' 51' 
cos 50“ 45' 


log sm A = 1 3692535 

A= 47“ 44' 4' 49 1' 
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COS H = ■ , log cos H s= 1 8119545 

tan 62® 4 51' 

H = 49® 33 59' 02 =3 h 18m 15 93 s 
(1) Altitude of the star =*61“ 12 38' 82 
'2) Azimuth of the line AB — 

Siiice the star was at its western elongatior it is to the- 
west of the meridian 

The azimuth of the hne AB =* azimuth of the star + mean 
horizontal angle between the 
hue and the star 
*= 47® 44 4' 494-9j®20 4""' 

« 143“ 4 51' 19 W 

or *=* 860® — (148® 4 51' 49) 

= 216® 55 8' 51 clochwise 
from north 

(8) Local mean time of obserration — 

!) m s 

G S T ofG M N *= 6 12 20 
Longitude \\ est 54®10=*3h 86 m 40$ 

Acceleration at 9 86 seconds per hour » 61 (-rce) 

of longitude <= 85 61 seconds 

LSI of L M N =”612 55*61 

Now local sidereal time (L S T ; = right ascension of the star 4" 
hour angle of the star 
R A ot the star = 10 o9 59 
H A of = 3 18 15 93 


L S T — 14 IS 14 93 

Deduct L S T ofL M N = 6 12 So 61 (—re) 

S I from L M N = 8 5 19 S2 

Retardation at 9 8296 seconds oer hour 
of S I for 8 h = 78 64 s 
5m— O 82 s 
ID 32 s => 0 05 s 

Total = 79 51 s = 1 m 19 51s 1 19 51 (— le) 

M T interval from L M N — 8 8 59 81 

L M T of observation 8h 3m 59 81s p m 
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Example 3 ■ — To deteraine the azimuth of a line AB, a 
star was observed at its eastern elongation, and the foUoviinj 
esults were obtained • 

Latitude of the place =*48® 20' 30' S 
Longitude of the place = 46® 20' 15' E 
Decimation of the star = 74® 25' 34'* 72 S 
If A, of th** slat = 3 h 48 m. 9 62 s 

G S. T. of G. MM =4 h. 26 m 12 s 

Clocknise horizontal angle from the line AB to the star 
= 125® 42' 30'. 

Find the azimuth of the line AB and the local mean tune 
of elongation. 

Since thestarwas observed at Us elongation, the astronomical 
tnangle ZPS is right-angled at S The foDowjng formula; may, 
therefore, be used to determine the aeimuth and the hour angle 
of the star 


. cosS „ 
sin A =. - ; cos H 

costf 

n « hich A sa the azimuth of the star , 
H =1 the hour angle of the star 
I the dectmjtioii of the star ; 0 => 
sin pos_74® 25' 34' 72 
cos 48® 20' 30' 


tang 

tanS 


the latitude of the place. 

log sin A =1-6062905 


A = 23® W 23' 48 E. 

^ u- tan 48® 20' 30* , „ 

cos H, = or lo" cosH, = l-UJi'''"' 

tail 74* 25 84' 72 

. H, = 71® 44' 35'-7 = 4 b. 4Cm 58-38 s 


(1) Azimuth of the Imc AB . — 

Vrimuth of the star from south =- 23' 49' 23''4S east 
Clockwise horizoutal angle = 125' 42' 30' 

between the line and the star - 

Azimuth of AB fromsouth= sum=: 149* 81' 53' -48 
Azimuth of AB clockwise = 180® —(149* 81' 53 *48) 

from north *= 30®28'6'*52 
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(2) Local mean time of elongation • — 

Since the star is to the east of the meridian 
its hour ancle = 360® — Hi=: 34 h. — ( 4 h 46 m 58 3S s ) 
h m s 

Hour angle (H) of the star = 19 13 1 62 

R A of the star = 3 48 9 62 

L S T =^23 i 11 24 

G S T ofGMM == 4 26 12 

Long east, 46® 20 15' 

= 3 h 5 m 21 s 

Retardation for 3 h Retardation » 30 46 {— w) 

5 m 21 s at 0 86 s 

per hour of long L S T of L M M ** 4 25 41 54 
=* 30 46 seconds 

Deducting L S T of L M M from L S T , we get 
h in s 

S I since L M M. = 18 35 29 -0 
Retardation for 18 h etc = 3 2 75 (— >e) 

at 9 8206 s perh I M T of — 18h 32in 28 95 s 

» 162 75 s elongation from midnight 

= 3m 2 75 s or =Ch 32m 26 95p m 

Example 4 — The following notes refer to an obseri ition 
made on a star on a certain da^ 

The mean obscried altitude of the star = 40® IS 24' 

Latitude of station A = 48® SO 20' N 

Declination of the star = -f- 26® 17' 45' 

Mean horn ontal angle between the star == 65® 24 36' 

and the referei ce mark B (the line AB hing 
to the west and between the star and the 
eleiated pole) 

Barometer = 75 cm 

Temperature = 7® C 

bind the anmuth of the line AB 
From Chambers Mathematical Tables, ne ha\e 
Mean refraction for the observed altitude 40® 18' 24' = 1'"’ 4. 



SURVE-irVG AND LEYEIIivq 


=» + 
= + 


Correction for temperature 7* e 
>» „ barometer 75 cm 

Correction for refraction Z ,o. . , , 

Observed altitude — 

Deduct correction for refraction I 1 10 4 f i 

True altitude 1_22^(-») 

= 40 17 13 6 

Now in the astronomical triangle ZPS, 
PS=cod°choaLn;90-“s“'9oI~lf?'’/“'' “ 

-5= 90‘‘-(26®17'43*') *= 63 42 17 
= 49 42 46 4 
=154 54 43 4 
^ 77 27 21 7 


ZS= Co altitude =90®_ 


-(40‘’17'13' 6) = 
= sum = 


■VA hence. « - ZP « 85* 57' 4r 
« — PS -= 13 45 4 

* — ZS » 27 44 35 
A 


Now tan Z 


'smjr^Z S) siof»~ ZP)^ 
sm s sm (s — PS) j 
/»m 27*44* 35* 3sm 85' 


Lstn 77*27 21* 
Jog tan ^ = 0 0355970 


7 sm 13 
A 


5*57’ 41' T'IJ 
45' 4* 7/ 


47*20* 43''81 


— 94*41' 27' Oi 
Alean horizontal 


O'" — azimuth of the star 

igle between the star and the Ime iAB 
=* 65* 24' 36' 

Arimuth of the line AB = 91" .1' 27- 62- (03” 2J'36'! 

= 29*16 51' 62 AV from north 
or 

” ” »» ». = 860*— (29* 16' 51' 62) 

= 330*43' 8' 38 clockwise from 
north 

was marJp observation for azimuth 

longitude 30” 22 Ts- w“ I-™ =2" “■ N 

ond the following weraTbLS" 
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( 1 ) Horizontal angle between the referring object B 
and the sun = 48" 12 13' 

{ II ) Observed altitude of the sun = 46® 32 

(lu ) L M T at observation = 9 h 30 ra a m 

(iv } Sun’s declination at G M N onMavll, 1939 

= 17® 35' 17* 5 N increasing 31' 18 per hour 
( V ) Correction for horizontal parallax = 8' 72 

\ 

(vi ) Correction for semi diameter = 15 51' 66 

(vu) Correction for refr‘*ctioa= 57' cot {apparent altitude) 

Find the azimuth of the line AB 

h m s 

Local mean time of observational 9 80 0 

Longitude 50* 22 15' W 


B 3 h 21 m 29 s W Add long 

» 3 

21 

29 


(H-k) 

Corresponding GMT 

= 12 

51 

29 



Sun's decimation at G M N 

= 17® 

85 

17' 

5 


Variation «+ 31* 18 per hour 






Variation for 51 m 29 s (=0 8581 h ) 

= 


26 70 (+pe) 

= 31 18 X 0 8581 = + 26* 76 






Sun's decimation at the time of 

= 17 

"sT 

44 

26 


obsen ation 






Refraction correction =57* cot 46® 32' 

=s 

54' 

028 


(— pe) 

Correction for parallax=8' 72 cos 46*33 


5' 

999 


(+pe) 

Net obsen ational correction 


48* 

03 



The obse^^ ed altitude of the sun 

= 46® 

32 

0* 


(— pe) 

Deduct net obser% ational correction 



48* 

03 



= 46 

31 

11 

97 


Deduct correction for semi diameter 

= — 

15 

51 

66 


True altitude of the sun 

= 40 

Ts 

"^20 

sT 



cos PS = cos ZS cos ZP + sin ZS sin ZP cos A 
where PS=90®— S, ZS=90®— •<, ZP = 90®— e 
Substituting the values of PS, ZS, and ZP, we have 
sm S =s sm «< sm + cos < cos 6 cos \ 
s L n-ii 
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sm 17® 35' 44' *26 

46® 15' 20*»31 cos 52* 26' 40' 

— tan 46* 15' 20'-31 tan 52® 26' 40* 

0 <1(2<05 — 1 3589053 = — 0'6416*?4)i 

Sm« cos A ,s negadve, cos 180"-A = + 0-64IC34S 

or A - ISO® ,rr.o.. . 50® 5' 10'-22 

A _ 180 _(50 a' 10' 22) « Igg® 54/ 49.70 p 

= azimuth of the sun 49 .8 E 

Deduct mean homontaicneic between ...g 12 13 f-ee) 

the line and the sun “ 

launuthofAB _ Sl-42'16'.78 

clockwise from north 

Q L ^ ® Vernier A Vemier B 

Sun s a 25' 80' 215® 25' 20' 

Sun TJ e ; ■*'* 50 295 55 40 

Q jj ■*’0 296 IS 10 116 IS 0 

• 215 53 40 35 S3 80 

Vertical circle 

, ^ Veemer B 

26 3 a 20- 25. 3-, 

^ 27 5 50 

( I ) Latitude of station P = 55* 80’ 30' N 
u) Longitude of „ = 3h, 15 m lOs E. 

(ui) Declination of the sun at G. 31. N. = l® 32' 12'*1 N 
decreasing 58' 24 per hour. 

( ) MeanofLMT s of two observations = 4h 13ra.20s 

p m y watch; watch 5 seconds slow at noon, gaining 
1 2 seconds per day 

(v) 'The value of a level division ==15'. 

(vi) Correction for horizontal parallax = 8'-77. 

” >, refraction = 57' cot (apparent altitude) 
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t. » 1 1 80*30 20'+ 80*19 30' _ 

Mean horizontal angle = = SO 24 55 . 

■Mean observed altitude = mean of the four vernier readings 
lOO* 80 140' crt oc* 


Level correction 


5 + ?? — X value of a level division 

4 


X 15' « + 4' 5 


Apparent altitude = 26* 50 35'+ 4' 5 *=26*5039' 5 

Refraction correction =—57' cot26*50 39' 5 = — 152' 633 

Correction for parallax = + 8' 77 cos 26*50 39' S=+ 7' 825 


Net observational correction 

= — 

144' 81 

Apparent altitude 

=26* 

50 89' 5 

Deduct net observational correction 

= — 

144 81 

True altitude ( <) 

= 26 48 54 69 


h 

zn s 

Slean time of observation 

= 4 

13 20 

CoKcctism for -watcK = + (s- ' ) 

, = + 

4 79 

\ 24 / 



Corrected mean L M T ofobser\ation 

= 4 

13 24 79 

Deduct longitude B 

= 8 

15 10 


Correspcoding G M T = 0 58 14 79 


■Sun’s decimation at G M N — 1* S3 13' 10 
Variation for 58 m 14 79 s = — 56 63 

= 58' 24 X (0 9707 b ) 

Decimation at the instant of =1 31 l5 57 
observation 

Now ZP = 90*— 0 = go*— (55*30 30') = 34* 29 30' 

ZS = 90“— < = go*— (26 48 54 69) =* 63 11 5 31 

PS = 90*— 5 = 90*— ( 1 31 15 57) = 88 28 44 43 


2s =186 9 19 74 

or S = 93 4 89 87 
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^ — ZP=S8*'35'9' 87 

* — ZS = 29 53 34 56 

* — PS = 4 35 55 44 

sin 58° 35 9’ 87 50129" 53 34' 56 i4 
.sm93" 4' 39* SziTn 4‘’35' 55' 4fl 


= 0 3626523 


y =66 32 43' 59 

Azimuth of the sun = 133 " 5 ' 31 ' 18 W 

Add mean honzontaj® so 24 55 
angle between PO 
and the sun 


(+re) 


Azimuth of the ImePQss'>r3''so^fiTR'^r7T"/ t 

A.^u.h O,p2=86o--,;is4o re- 

- 146”29 33- 82 clocknise from 
north 


Latitude 

altitudes of' a'cir^nuS" '’r >>y measutmg (I) the 

(2) the raeridnn altitudi of^'j' "’’T 
mendiaa altitudes of the sun ^ '**“ 

altitudes of Polaris fsl ^ astia mendian 

a star and (elTt, ’ u"™ “'“*"'1'* “f ‘he sun or 

(6) the mendian altitudes of two stars 

Lower Transits C'rcunipolar Star at Upper and 

star are ‘!*f of a circum 

tions) The observpH^ if T “PP® Jo'^er transits (culraina 
other errore aT 1 refraction and 

equal to the altitude o'f thp^'”'"S “ P'aee u 

the mean of the nltituiles uf altitude of the Pole being 

tlons the latitude a IS ® ^ 'la “Pper and lower culmina 
atitude « m g.„n by the menn of the two altitudes 
luititude «=}(.;, + <,) 
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m which e<i and <2 corrected altitudes of the circum- 

polar star The circumpolar star most commonly observed is 
Polans ( «< Ursa Mmons), smce it can be easily identified and 
IS very near the pole. In this method the decimation of the 
star need not be known, but the times of culminations must 
be obtained by calculation This method is used when the 
declination of the star is not known If the declination of the 
star is known, the method 2 is preferred The disadvantage of 
this method is that smce the interval between two obser% ations is 
12 sidereal hours, one of the obser\ations has to be made m 
dajlight, which cannot be done with a small instrument The 
method is not, therefore, commonly used 

(2) (a) By the Meridian Altitude of a Star — In this method 
the altitude of a star is measured when crossing the meridian 
with a theodolite on both faces The necessary corrections 
are then applied to the observed altitude in order to obtain 
the true altitude Since the decimation of the star is known 


ziNtrft 



one meridian altitude of the star is sufficient Knowing the altitude 
( «<) and the decimation (8) of the star, the latitude ($) may 
be determined as follows Let the plane of the paper represent 
the plane of the meridian ZPNZjE Four cases arise accordmt» 
to the position of the star (Fig. 135). 
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(2) From the known dedination, obtain the polar dis 
tsQce or CO decimation (90 — 8 ) If the sun is ohserred, ib 
decimation at the instant of observation may be deduced as 
already explained 

(3) Knowing the L T of observation, detenmne the 
hour angle of the sun or the star 

(a) If the sun is dbsened, the mtervsl since L M N 
( 1 e L JI T of obsenation) should be converted into the 
mten al since LAN, using the equation of tune The interval 
since LAN when converted to arc gives the value of the hour 
angle (H) of the sun 

(b) If the star is observed, the L 31 T of observation 
should be conv erted into sidereal time as already csplained 
Kaowmg the B A of the star, the hour angle of the star rnaj 
be obtained from the relation 


L S T R A + hour angle 

The hour angle m time thus obtained, may then be converted 
to irc 


(4) Knowing the sides ZS and PS and the angle ZPS (H) 
of the triangle ZPS compute the angle PZS ( i e the aiimuth A) 
bj the Sine rule 


sin A 


SIQ PS 
sin ZS 


sia H 


(5) Haling obtained the angle A, calculate the side ZP 
from the formula 


tan ^ + ?J tan H PS - ZS ) 

2 sm H A - H ) 

(6) ZP being equal to the co latitude, determine the latitude 6 
b> deductmg ZP from 90“ 

It may here be noted that the local mean tune of the 
observation need not be noted m the case of an 
on a star, provided the direction of the menitan is 
knoxon, m which case the azimuth may be obtained by direct 
measurement Knowing the azimuth (A), the hour ang^® 
may be calculated by the sine formula used m step 4 
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However, in the case of an observation upon the sun it is 
necessary to note the local mean time in order to find the sun’s 
declination at the mstant of observation. 

(4) By Extra-Meridian Observation of Polaris . — In this 
method the altitude of Polans is measured when it is out of 
the meridian, Face left and Face nght observations being taken, 
and the correct local mean time of each observation bemg noted. 
Since Polaris is very close to the pole, the latitude is calculated 
from the special formula 

Latitude 0 = ^ — p cos H + J sin 1' (p sin H)® tan K 
in which = tlie corrected altitude of Polans 

p =»the polar distance, m seconds (90“— declination) 
H the hour angle of Polans m arc 
From the L M T of observation, the hour angle of Polans 
may be obtained as in method 3 

Example I . — The meridian altitude of a star was observed 
to be 74“ 20' 20' on a certain day, the star lying between the 
zenith and the equator 

The declination of the star was 45“ 56' 17' *56 N. Find 
the latitude of the place. (Fig. 135). 

Refraction correction Observed altitude » 74“ 26' 20' 

s*57' cot 74“ 20' 20' Deduct refractin — 15 87 

®=15' 87. correction 

'True altitude =74 26 4 13 

Now Zenith distance 2 = 90“ — (74“S6'4"*13)= 8T 

Since the star lies between the pole and the zenith, the 
latitude 0 is given by 

fl= S+z=45“56'17' 56 4-I5“3S'55' 87 = 13'-43 N. 

Example 2 : — The meridian altitude of a star was obser- 
ved to be 72“ 30' 10' on a certain day, the star lying between 
the pole and the zenith. The decbnation of the star was 
56*40'88'M. Find the latitude of the place . (See Fig 185). 
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TH S 

E T at oh =»+6 19 82 

Decrease at 1 177s 
per hour for 22h Im = — 35 91 
= 23 91 s 

ET at the time =+S 53 91 
( £ observation 


Declmation= 23 8 20 08 
at the instant 
of observation 
Co declina = 113 8 20 0" 
tion (90®— 5) 


Interval since L N 
Add E T 

Interval since LAN 
Hour angle (H) m arc 
Norv m the^ZES 


ZPS 


h m s 

S 2 40 0 

« 4- 5 53 91 

= 2 45 53 91 

= 41® 28 28* 65 

ZS = 45 4 42 rS 

PS = 113 8 20 0- 

= H = 41 28 28 65 


Using the sine rule we get 

sin PZS = -sin ZPS - "-i sm 41’ 28 28’ es 

Sin ZS sm 45* 4 42' 75 

log sm PZS I 0345453 
PZS = 120* 40 22' 8=8 Azimuth (A) 

Knowing the angles A and H and the sides ZS and PS> the 
side ZP may be calculated from the formula 


^ tan i (PS - ZS) 

2 sm J A - H) ^ 

A =120*40 22' 80 
H = 41 28 28 65 
^ + H 


A - H 


tan 
log tan 


ZP 

3 

ZP 


= 39® 3o 57' 08 

= sm 25' 78 ^ ^g- gg 

sm 39* 33 57* 08 
= 0 OlD'eSl 


whence = 46® 18 12' 74 

2 

ZP = 92 36 25 48 

Tbelatitudeof theplace = 2* 36 25' 48 S 
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Example 5 — In longitude 6* 12 W , an observation for 
latitude was made on Polaris on a certain day The mean of the 
observed altitudes was 51® 3l 24* and the average of the local 
mean times 22 h 48 m C s The readmgs of the barometer and 
thermometer were 30 3o mches cm) and 60* F (15 67* c ) 
respectn ely Find the latitude, given the foIlo^^ inw 

R A of Polaris » 1 h 41m 59 15 s, S T of G M M 

Decimation of =88*58 26* 34 , e=17h 9m 48 15s 

From Chambers Observedaltitude=51®3l' 24' 

Mathematical Tables, Deduct refraction=~ 47 

Bilean refraction for the correction 

observed altitude =47' . 


Correction for barometer =+l 

■ True altitude 

=51 

30 37 

„ , temperatures*— 1 

1 Decimation 




, of Polaris 

=58 

58 26 84 

Refraction correction = 47*(-pe) Polar distance 

= 1 

133 66 

Longitude =6* 12 W 

](p) =(90*-8) 

= 

8693' 66 

= 24 m 43 s W 


b 

m s 

Correction for longitude 

|G S T of 

=17 

9 48 15 

at 9 86 8 per hour 

G M M (0 h ) 



for 24m =?ix 9 80 =»3 944s 

1 Acceleration 

= + 

4 08 

60 




, 48 s = -IL X9 86=0 132s 

' 



3600 

1 



Total = 4 076=4 08 s 

iLST ofLM M 

= 17 

9 52 23 


1 Add S I 

= 22 

51 50 75 

h m s 

j L S T of obs 

= 40 

1 42 98 

L M T of obs — 22 48 6 

Deduct 24 h 

= 24 


Acceleration at 9 856as per hour 



for 22 h —216 843 s 

1 L S T of obs 

= 16 

1 42 98 

48 m = 7 886 s 

Deduct R A 

= 1 

41 59 15 

6 s = 0 016 s 

of Polaris 



224 745 s 




AcceIeration=3 m 44 75 s 

[ Hour angle(H) 

= 14 

19 43 83 


IH m arc 

=214* 

’55 57' 5 

S I smceL M M =22 51 50 75 [ (L S T 

= R. A +H) 
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Now latitude (fl) =, ,, , 

\ / < pcosH+Jsm Vp* sin* H taii< 

Fust correction p cos H = 3693' 66 cos 2U« 5^ 57. ^ 

= — 3028- 15 = _ 50 28' Is 
Second correction Isml'p- s„. h tan k 

= WJ- (3693 66) s,n. 2U- So 57' 5 x.an Sf 30 3 

. „e.re 

= 52® 21 18' 79 N 


Determinat,oii of Longitude 

ot their local times at th is equal to the differenee 

apparent, mea?^?/L. whether the timesare 

instant is obtained bv astronn a* same 

longitude is required and tbe™*^** o^^servation at a place whose 

The longitude oHbe nit “*«dian is ascertained 

corresponding Greenwich thV"’, ' “ 

and the long tude of thp r.i Greenwich 

the correspti?m' ctZ ^ 1 ^ 

Greenwich and th» i * place is west of 

methods of detennin^°^* 

(3) by chronometer (3)V Sstab' 

but very cLensivT'^lTr” '“''■‘od is the most accurate 

C"d th? XlatiLs ir 

chapter VTH complicated It is described m 

tdy “ustaicM””^'^^^' chronometer is a veryaccura 
than a watch Tf . ^ “ much larger and heavier 

bandied with ^ delicate instrument and must be 

each dt It ^°und at the same time 

time the beat hJ * f^^nted for either mean tune or sidereal 

chronometXus^^Ve^f * “T" 

t-vpt as uniform as possible 
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In this method the longitude of a place is detmnined by 
first finding the local mean time at some mstant by any of the 
methods already described, and then obtammg the correspond- 
ing Greenwich time by notmg the chronometer reading and 
correcting it for error and rate, the chronometer being previous- 
ly compared with Greenwich time and its error and rate being 
ascertamed. By the rate of a chronometer is meant the amount 
that it gains or loses m 24 hours. The difference between 
these two tunes gives the longitude of the place east or west 
of Greenwich. If the difference of longitude between two places 
A and B is required, the errors and rates of a number of 
chronometers (2 or S) keepmg local time at A are first ascer- 
tained. 

They are then transported to the place B and compared there 
with the chronometers whose errors and rates on the local time 
at B have been ascertamed. The chief difiicultj’ m this method 
IS to find the tra veiling rate of a chronometer and to ascertain 
that It IS uniform. It may be noted that the travelJmg rate, i e. 
the rate whilst being transported is seldom the same as when 
stationary This method is now rarely used by the surveyors, 
but it is still used at sea 

3. By Electric Telegraph. — ^If two places are connected 
by an electric telegraph, the difference of longitude may be 
deterramed with great accuracy. In this method a number of 
telegraphic signals are sent m opposite directions, and by 
averaging the results, the difference of longitude may be very 
accurately determmed, the error due to the tune requued for 
transmission of the signal being entirely eliminated. Suppose, 
for instance, A and B are two places connected by an electric 
telegraph, and A is to the east of B. \ signal is sent out at A 
at the tune ii of A., and it is received at B at the tune i. of B, 
where t, and are the times (both solar or sidereal) obtamed from 
the clocks at A and B after correctmg them for the errors of the 
clocks .Assuming the transmission of the signal is instantaneous, 
the difference of longitude =<1 — t*. However, if 4 is the time 
required for the transmission of the signal, + * = the tune 
at A corresponding to the tun at B. Then the difference 
of longitude («i) = {ii+s) — = (<i— <z) + s. Now suppose that 
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a sjgnal is sent out in the reverse direction from B to A at the 
time t '2 and it is received at A at the tune i'j Then the difference 
of Jongitude=t i—t j, if the transmission of the signal is instan 
taneous But if the tune («) required for the transmission of the 
signal IS taken into account, the difference of longitude {0,1 
t\— ({' 2 + s) = t'l— t s— s By averaging the results, ve have 
the difference of longitude (<►) = J (tfi -h # 1 ) 

4 By Wireless Time S>gnals — This method is very simple 
and the most accurate except triangu’ation due to the universal 
development of wireless telegraphy Greenwich tune signals 
ate sent out at stated intervals cm the standard Rbytlvnuc 
system from sev eral wireless stations In this system the time 
signal IS sent out at the rate of 6i dots per minute of mean time 
for fiv e mioules At the beginning of each minute a dash is sent 
instead of a dot Full particulars regarding wireless stations, 
wave lengths, tunes of trausmissiOD, etc are given in the 
Admiralty List of Radio Signals published annually The local 
mean tune at a place may be found b> astronomical observations 
B> comparmg it with Greeonicb mean time as obtained from the 
time signals, the longitude of the place may be easily detenzuned 

The Solar Attachment — The Solar Attachment is a 
special apparatus fitted to the telescope of an ordinary theo- 
dolite for deterrauiing the direction of the meridian, the 
latitude, and local tune It is a device which enables the 
Surveyor to solve the astronomical triangle mechamcall^ 
However, the results obtained by the use of this device are 
approximate only within one minute of truth 

Fig 137 shows the Burt Solar Attachment which is lo 
common use It essentially consists of (1) the “polar axis' 
which is fixed to the centre of the trunnion axis of 
the telescope and perpendicular to the line of collimation 
( 2 ) The declination arc which revolves about the polar axis 
It IS read by means of a veamer fitted at the end of a rotating 
(or radial) arm which also carries a lens and a small silver plate 
at each end Two horizontal and two vertical lines are ruled, 
upon eich silver plate for centoug the image of the sun formed 
by the lens The horizontal Imes are known as “ equitonsl 
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lines, ”, while the vertical lines are ciUed hour lines’ (4) Tlie 
hour circle which is attached to declination arc It revohes 
about the polar axis with the decimation are and is read by a 
fixed index mark 



1— 1 Az mnth Circle or Dot ton ♦ Decl nation Arc 

2— 2 Polar Axia 6 — » Eq lator or Hour Circle 

3— 3 Decl nat oo ® Latitude Arc 

(a) Procedure for determining the direction of the meridian 
and local time — 

(1) Set up the instrument over a con%enient station and 
level it accurately by means of the altitude bubble 
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(2) Set off tlie eo latitude of the place on the vertical circle 
of the theodolite and the declination of the sun at the time of 
observation corrected for refraction on the declination arc 

(3) Clamp the horizontal plates at zero and turn the mstru 
ment about the outer axis uatd one of the lenses on the ann of 
the declination arc is directed tovrards the sun 

(4) Rotate the declination ate slowly and also the horwon 
tal Innb of the theodolite in azimuth and observe the path of 
the sun s image on the silver plate 

(5) Tighten the lower damp when the sun’s image 
remains exactly between the equatorial lines The telescope 
will now lie in the meridian and the polar axis is parallel to 
the earth s axis 

If the azimuth of the line joining the instrument station 
to any object is to be determined release the \etmer plate and 
the lertical circle and bisect the object m the u'ual way 
The mean of the two termer readings will give the required 
azirauth 

The abo\ e procedure may be adopted for detettninuig the 
local apparent time IMien the sun s image is brought exactly m 
the square formed by the horizontal ( equatorial ) and vert cal 
(hour) lines read the hour cirde This reading gives the local 
apparent time which is then converted mto the mean tune 

(b) To determine the latitude of the observer {*) Set 
up the instrument and level it accurately 

lu) Correct the decimation of the sun at apparent noon 
{12 o clock) for refraction and set it on the declination arc 
(lu) About 15 or 20 ramutes before noon direct the tele 
scope towards north and move the telescope and the dechna 
tion arc from side to side so as to bring the image of the saa 
between the equatorial lines Clamp the instrument 

(i% ) Turn the decimation arc until it is exactly m 1 
with the telescope (parallel to the tdescope) by means of the 
tangent screw of the hour circle 

(v) Bring the image of the sun exactly between the equa 
toriol and hour lines and keep it within the small square of the 
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EoIoT screen using the vertical circle tangent screw (for vertical 
adjustment) and the tangent screw of the hour circle (for horizon* 
tal adjustment) 

(vi) When the image ceases to fall below the lower equa* 
tonal Ime, it is apparent noon when the indev of the hour circle 
should mdicate XIT Head the vernier of the vertical circle 
of the theodolite, which gi^es the co-latitude The required 
latitude (complement of the angle read on the vertical arc) is 
then obtained by subtracting it from 90* 


PROBLEMS 

1 (s) Explain bneflj tb« foOonng — 

(i) Vanons STstema of Co-ordinates adopted in Astrosomienl SntT cy ui; 
(u) CoFRctioo for refraction (ui) Donation (ir) Correcbon for Senu 
diameter 

(bj A star was obserred from atnt on A (laU S'* N ) when it was at its western 
elongation The horuontal angle sobteoded at A b^ a reference object 
B and the star cneasored clookwise ftocn B was noticed to be 190’ SO SO* 
Eind the true bearing of AB if the declination and R A of the star were 
respectirei; 14’ 21 30' K and 14 b 50m &4 a. 

(o) Find the L. 11. T of elongation if Imigttnde of A is 6t’ 30 E and S dereal 
tune of mean noon at Greenwicb is6bl6m54B (UB) 

(Ana. (b) 143* 15 Ja' 9 (e) U h 8 m 6S 3e.) 

2 The following notes were recorded at 4 pjn on Jane 14 1916, while deter 
mining the azimuth of a reference point P from a station A of atnangnla- 
tion surrey the opposite faces of the theodolite being osed in obsMTing 
the upper and lower limbs of the sun 

Inbtcde of station A 41*4(t'40'h 
True altitude of sun 34* 33 50' 

Declinatioa at 4 p. m + 23* 17 IS' 

Uean obserred horuontal angle of sun, nght of reference point 202* 
26 45' 

Find the azimuth of the reference point. (0 s ) 

(Ana. 59* 15 S5' ) 

3 A star was obserred at western clongahou at a station A in latitude 

54*30' V and longitude 52* 30* W The declination of the star was 
62*12 2l'N and its nght aseenaoa 10 h 6«m 368.,theG 8 T ofQ 
U. N being 4 h 3S m. 32 s. The mean obserred horuontal angle between 
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ttertfeTrmgob}«ctPaBdthe star was 65“ 18 42“ Find (a) Ibealbtndj 
of tbestar atelongation. (b)tliee£tmn(hoftbe line AP. and (c}tb«Ioeat 
{Bean tune of elongation. (U B) 

{Ans. (a) 66*68 6' 7 (b) 241* 16 19' 7, (c) 91i 7m 24 82 a) 
4 A etar was observed at weaternelonfrationata plaeeulatitode 60°4A 

and longitnde 127* 30 W vbea its whole circle bearing from a refwewe 
line OP was 207*4“ Detemune the focal mean tune, andaUo theaimul 
of OP, gireo that the star « decimation was 80* 17 N and its right ascn 
EiOD Oh 49zn 11 s theG 8 T of <3 31 3L bemg 16 fa 54 m. 13 a (UP) 
(Ans 21h 40ni 4S 31 b . 132*26 W 3*) 


5 


« 


9 


What 13 meant by (I) a Sidereal day, (**) Apparen* Solar day, (3) JIm 
S olar day 7 Wby is sidereal tune of soeb great nse in Bonneetion with 
aHranonucal observations * Stale the relation between Sidereal tmK, 
Right Ascension and Hour angle 

Find the local mean time of transit of a star in longitnde 7“ 18 E ea 
December 26 Giren that the Sidereal time at Greenwich 3 Imii Ko<b 
m 18 b. IS m 43 s and P A of the star lOh 2 m. 34 1 . (C F I 
(Ans lah 41ni,18 18a| 

The mendiaa altitude of a star was observed to be "5* 18 25' ob Orta 
16 1916 (he obseiration being made with face left, the star l;is| ^ 
ween the z*ai(h and the pole The declination of the star on the girtt 
date was 58* 4l 43* \ and the index correction — ^* Find the kW*d* 
of the place of obsercatioa 

(Ans 43* 69 48' «.) 

State the ranoas inatranieatal and other corRetions which most U 
applied to the observed altitnde of a heavenly body and explain theiessod 
for each correction Find the local mean tune from the foUowiog dsU 

Longitude of the place 4o* 30 IS'E R A of star 6 h. S2in 6’ 44 a 
Date March3rdl916 Honiaijgleof8taratgiT«ainstantlh.3ni.l*s- 
S T at G M \ g-’h 43in 42 69 s 

(Ans 1! h 61m 0 Soa. P II llartl'f'* 


At a place in latitude 62* 4517 and longitude 80* 30 W.. a star 
observed at eastern cloogation when its clockwise horizontal angle from • 
smrey line was 34 2* 12* The decimation of the star was 60“ 5» 2"' 
and its nght ascension 8 b 2a tn 12 8 a the G S T of G M 31 1'^ 
4 b 6 m ”4 8 find the azimuth of the surrey 1 ne and tie local inrae 
tune of elongation 


(Ans. 329* O' 3' 3 


Ih 
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From the following data detemune (i) the true altitude of the son 
(ii) the declination of the bud at the instant of obserrat on 
Observed altitude of the upper limb *• 46* 26 46' 

Index correetioa •• 4 10' 

Readings of altitnde bubble = 6 80,6 8£ 
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11 


12 


Value of I bubble division 
Semi diameter 

Beclinatioa of the sun at G H N 

G M T of observation 

(Ans (i) 46* 


« 15' 

= 15 49' 

= 14'>24 42' 7N 

decreasing at 46' 5 per h 
— 2 h SO m p ra 
10 25' 38 (ii) 14* 22 45' 76 ) 


An observation ivas made on a star lying west of the meridian at a place 
inlatitude 40“ 20 36*N to determine the azimuth of the survev line AB 
The mean observed altitude was 42* 10 24' and the clockwise honzontal 
angle from AB to the alar was 100" 18 48' The declination of the star 
was 24" 54 3S'N Find the azimuth of the Buivey line AB 

(Ana 168" 20 19 74 ) 


Determine the azimuth of the aurvey hoe AB from the following data 


latitude of the place 
Mean observed altitude of the son 
Mean of G M T of two observations 
Mean clockwise borizontat angle 
from the survey line to the ena 
Decimation of the sun at 0 M N 


V 48" 34 40' N 
= 40" 60 20' 

• 3h 30m pm 
» 08* 17 24' 

■ - 15*45 24' decreasing 
at 43* 8 per hour 
(4ns 145* 43 32' 98) 


A star was observed fortimebyeqnalaltitudes when on tbe prime vertiea 
at a place m latitude 34* 20 N given that the decimation ot the star was 
+ 20* 30 33' 4' audits R A 16b51ml5 89s Determine the altitude 
when on the prune verticoland local sidereal tunes of prime vertical transits 
(Am 38* 2o 26' 97 6 h 38 m “>5 28 s 22h 4 ra 6 60 s ) 
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Detenmne the error of chronometer from the following data 


Observed altitude of the star east of meridian 38* 12 42' 


Latitude of the place 
Longitude of the place 
Decbnation of the star 
R 4 of the star 
GST ofG M M 
CLronometer tmie 


42* 15 30' N 
a 72*48 E 
=» 23* 16 6* 4N 
6 h Ora 24 63 s 
1 h 2m 54 6Ja 
B IhSm 10B.aM 

(Ans 5 02 s &3t ) 


From the foDowmg observations determine the error of the chronometers 
True altitude of the sun « 46* 20 21' 9 

Latitude of the place = + 52* 38 36' 

Longitude of the place ■= 62“ 24 E 

Decbnation of the sun at G M N ^+1S“35 50' 6 increasing 

at 35' 92 per hour 

ETatGA^ =+3m 45 018. 

Approximate time of obsersation -» 14h 30 m 

(Ads 2 m 52 92 8 fasti 
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16. Det«nmne the latitude of the place from the following obserratiou 

Mean altitude of Polana 


» 60® 36' 28*. 

L. M. T of obserration 


« 21 h.36m 15 a. 

G S. T. ot G. JI IL 


« I7lu57m 6*85». 

Longitude of the place 


» 60°45'W. 

Decliuatiou of Palana 


= 88®68'26'*24 

B A ofPoIaru 


- 1 h 4Im 69*158. 

Correction for barometer reading 30*3 ischea 

»+ 1 *. 

temperature 58* F. 


e - 1*. 

Mean re&action correction 


= -47' 



{Ans.6r 29'5r'84J0. 



+ + ♦ 



CHAPTER VII 


GEODETIC SURVEYING 


Geodetic or Tngonometncal sun eying differs from plane 
surveymg in that it takes into account the curvature of the 
earth, since very extensive areas and very large distances are 
iniolved In "work of this nature highly refined instruments 
and methods are used Geodetic work is usually undertaken 
by the State agency In India it is done by the Survey of India 
department It iniolves two operations (i) tnangulation, and 
(u) precise levellmg 

The object of geodetic surveying is to accurately determine 
the relative positions of a sjstem of widelj separated points 
on the surface of the earth, and also their absolute positions 
The relalwe pos\t\ons ate deietttuned in terms of the eiimuths 
and lengths of the Imes jommg them and the absolute positions 
in terms of latitudes and longitudes, and elevations above mean 
sea level In geodetic work distances are usually expressed m 
metres The geodetic pomts so determmed furnish the most 
precise control for a more detailed survey of the mtervening 
country The methods employed m geodetic surveymg are 
(1) Tnangulation and (2) Precise Traversing The former 
is the most accurate method and is mvanably used while the 
latter is inferior and is mainly used m cases where tnangulation 
IS physically impossible or very expensive, e g densely wooded 
country or very flat country 



Fig 13S Fig 139 

Tnangulation — Tnangulation is based on the trigonome- 
trical proposition tint if one side and the three ingles of a 
triangle be known the mnaming sides can be computed bj the 
ipphcation of the sine rule In this method suitable pomts 
called tnangulation stations are selected and established through- 
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out the aiea to be surrejed "Hie stations may be connected br 
a chaw of triangles {Pij 33S) or a chain of quadrilaterals as 
thovD lu Fig 139 These stottoas form the %ertices of a senes 
of mutuaUv connected triangles, the complete figure being 
called a tnangiilation ifjstem In this sjstem of triangles one 
line, saj AB, and ali the angles are measured ivith the 
greatest care and the lengths of all the remaining lines in the 
sjstem ate then computed For chechmg both the field trork 
and compulations another line such as GH is very accuratdy 
measured at the end of the system The line whose length is 
Bctuall\ measured is Ivnoirn as the ba*e line or the base and that 
measured for checking purposes is called the cbeel base IVhcn 
the work is of a large extent, mtermediate check bases ate intro- 
duced The triangulotion stations at which azimuth, latitude, or 
longitude is directly determined bj astronomical observations 
arc called aiimuth latitude or longitude stations respectively 


A7W\ 

Ftg HO 

Triangulation Figures — ^The geometrical figures used m 
a tnangulation system are (1) triangles (2) quadri- 
laterals and (3) quadrilaterals pentagons, or 
hexagons with central stations If it is desired to 
connect two distant points by a tnangulatioa 
system a cham of single triangles as shown in Fig 
140 may be used This arrangement, although 
simple and economical, is the least accurate, since 
the number of ngid geometrical conditions to b« 
fulfilled m the figure ^justment is comparatively 
small If the greatest area is to be covered a 
double row of smgle triangles (Fig 141) or a cham 
ct b.ex4g5us. g may be wsed This arrange 
ment covers greater area and gives more accural* 
Fig I4J results than the fiiat system For very accurate 
work, a chain of quadrilaterals as m Fig 148 may be used. A 
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geodetic quadrilateral is the ordinary quadrilateral with both its 
diagonals inc’uded There ts wo station at the intersection of the 
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Fig 143 

diagonals This sj stem is the most accurate, since the number 
of conditions ui\ohed m its adjustment la much greater than 
in the first tuo sj stems 

On lerj extensive sorvevs (e g Indian Survej) primary 
triangulation is usually laid out 
in two senes of chains of triangles, 
one series of clnins of triangles is 
run roughJj along the mendian 
(north and south) nhJe the other 
approximateK at right angles to the 
meridian (east and west) as in 
Fig 144 T1>€ areas enclosed are then 
covered with a network of smaller 
triangles of secondary and tertiary 
accuracj This svstem is known as 
the gndiron system Another system called the central system is 
used for the surv ej of an area of moderate e\ten*^ e g Great Bri- 
tain In this system the whole area may be covered with a network 
of primary triangles extending outwards m all directions from 
the initial base line Ev erv tnangulation sj stem js essentially 
mide up of triangles In order to mimraise the effect of small 
errors in measurement of angles, the triangles should be well 
shaped or well proportioned, i e they should hav e no angles less 
than S0“ nor gientet than 120®, since a given error in a small 
angle produces a much larger effect m the computations than 
the same error m an angle neanng 90** The best shaped triangle 
IS equilateral and the best shaped quadnlaternl is square 
^Ihererer possible, the triangles should be equilateral or nearly 
so, and the quadrilaterals the squares 

Classification of Tnangulation Systems —Tnangulation 
sjYtems may be classified accordmg to the degree of accuracy 
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desired and the magnitude of the work as (1) onnian- or 
order (2) secondary or second order and (3) 

Primary or First Order Triangulation -In onmarv to 
aaftf'? oountiy) L coreL 

of th?' h® precision K soured In wo* 

Istrefifr *" P'“P°rt»ood triangles sad 

Stion “‘■“rration and compa 

control for sm II l ^“n'shes the most precise honzontal 
mapping surveys The average triangle 
length of theV"°l°'* three seconds The 

degre^ of ace * “ ''P” *> ‘° ““ “t I™ 

1 Smooo ‘ ■" “■= “P PtPPlt the base 

prunan TriM ^ Second-Order Tnangulation —Within the 
^Zfonl Ts " a P'P “ d°«r interval. » 

primary si stem triangles which are tied tn the 

na^ a^f not e"® r 'f''' "'tlmmenls and method, 

bangle elosor. , ' ert-V 

The length of th . ®PPPPtte n“d the maximum one 8 second*, 
length ofV 5' T 2 '“‘"'f -d “■ 

Sof a^e ’ '■'P” S 'P ™l-"> 

uiacy IS 1 in 50 000 and the check on base 1 m 10 000 

secondmT*^ Order Tnangulation — Within the 

furnish hi ” PP"”’ established at short mtervals to 

demd surveys In this case the 
Theavers t ^2 <^ni to 20 cminstruments arcused 

seconds ^ ® “d the maximum one 12 

trianffle from 1 to 3 km in length and the 

" T ” •» 10 hn. m length Thf degree of 
5000 ^ “'PP ' ■“ “0“ the check on base 1 in 

(1 1 V ork is carried out in the following steps - 

"leam~‘Tr' “nd towem (8) 

necessarx t (4) Astronomical observations 

PosiZc of\k »°«>d.an and the absolLte 

be stations (5) Measurement of the base lines 
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(6) Computations including (a) adjustment of the observed angles, 

(b) computation of the lengths of the suies of each tnangle, and 

(c) computation of the latitudes and longitudes of the stations 
It may be observed that the azunuths of ah the sides, and the 
latitudes and longitudes of all the stations can be calculated, if 
th“ azimuth of one side of the tnangulation system, and the 
latitude and longitude of one station are determmed However, 
astronomical observations for azimuth, latitude, and longitude 
ate made at mtervals for checkmg purposes 

Reconnaissance — The reconnaissance is of the greatest 
importance, smce the economy and accuracy of tnangulation 
work depend to a great extent upon an exhaustive reconna 
issance It requires skill, experience, and judgment on the 
part of the chief of the reconnaissance party It consists of 
(a) exammation of the country to be surveyed, (b) selection 
of the roost fa^ outable sites for base lines, (c) selection of suitable 
positions for tnangulation stations (d) determmation of (i) 
intervisibility of stations and computation of the heights of 
towers and signals, and (u) the amount and direction of cutting 
and cleanng necessary to make the line of sight clear of the 
obstructions, and (e) collection of information regardmg (i) access 
to the stations, (u) transport facilities, (m) supphes of food, 
water, and other materials required, and (iv) campmg ground or 
suitable accommodation 

The instruments required for the reconnaissance are (1) a 
small theodolite and a sextant for measuring angles, (2) a prismatic 
compass for measuring directions, (3) on aneroid barometer 
for determmmg the elevations, (4) guyed ladders, ropes, creepers 
for climbmg trees, (5) a steel tape, (6) a powerful field glass, and 
(7) drawmg mstruments and matenals 

The reconnaissance party is often called upon to establish 
the direction of the line joining two stations which are not 
mtervisible cn account of forest growth, 
but which can be se«i from ^eh other after 
the forest growth is cleared out along the 
Ime In sudi a case, the direction of the 
connecting Ime may be computed by select- 
mg two pomts from each of which the two 
Fig 143 stations and the other pomt are visible. 
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mus m J.g ,45, Irt PQ be the tae whose direct, oo ,s t. 

obsenedat M Smdatly theanoles JDfP and PNQ aremeasurrf 
and QN'froTfJ''! ' ^ «”■! *= lenstbTpl 

ana mN irom the triangle*} PAIN ^n#^ OArv x 

in the trianele PNQ ,l.e two sules PV aTd l a!! 

an^rle P^O nr^ 1 .,,. . . ^ 2ind the included 

and P0\ mao ^ therefore the other angles QP\ 

studfiri,r.ii°L®'“°“ r/: 

the inform-itinr, p« * j ^ t region should be made since 

the stations and Ihfpo^'ble *"'*''* 

had from snch mans IfT •>'t»n?cment of triangles ran be 
should be nrenared h > nte not arailable small scale maps 

selee mn o/sXn^s’h “f''"'"’ “ '-S'* triangulation The 
01 stations is based upon the follonmg considerations - 

Tor this "'"'J "tibia from each other. 

positionsl sueTas tops' of hdlT ('“"““dmj 

(41 Th,„ .1 ® "’onntoms is selected 

3 Sef l a tfonglee. 

4 n H “'■'P “ocessible 

5 Se^ h i ‘‘t'ol tnnoit 

too large nor torsmoll 

too mdistinct fol^ large the signal may be 

errors of eentermeaTlT 

(6) Tl 1 ,^ ^ bisection become appreciable 

cuttio, 

Station Alurjes rT*t . 

"■anentlj marked w.fh *f>anguIation station should be per- 
and the \eap m u taWet on which its name 

ferenced a, a “ ^ !' “ "" '“™P'<* I” ^ 

Sketches ftivmtp , ° «arks and the reference 

location should Z description of the station and its 

station mark is < ^dentificahon and future use The 

In earth two ^ *” or m a concrete monument 

arks are set , <ae about "5 cm below the surface of 
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ground and the other extending a few cm abo\e the surface 
The underground mark may consist of a stone with a copper 
bolt in the centre or a concrete monument with a tablet mark 
set in It 

Intemsibility and Height of Stations — In order that 
two stations maj be mtervisible the line of sight must dear all the 
mterienmg obstructions Stations arc theiefore fixed on the 
highest available ground such as s immits mountain peaks ridges, 
or tops of hills hether the proposed stations are actually inter 
visible or not can usuall\ be ascertained by direct observ ation at 
the ground level or from tops of trees or ladders But when the 
distance between two stations is great and the difference in 
elevation between them is small it is ncccssa-y to raise both 
the mstniment and the signal to overcome the curvature of 
the earth and to clear all the intervening obstructioi s In 
such a case, the lieight of the station must be determined bv 
calculation It is well to note the distinction between the terms 
the elevaiton (or alUt ide) a station and the }ie'tght of a station 
By the elevation of a station is meant ■*he elevation of the 
observing instrument above mean sea level while the height 
of a station is the elevation of the instrument above the natural 
ground The height of both the mstrum-'ot and the signal 
above the ground depends upon (1) the distance between the 
stations (2) their relative elevations and (3) the profile of the 
intervening country 

(1) Distance Between the Stations — If the uitervemng 
ground is free from anj obstruction the distance of the \ isible 
homon from a station of known elevation above datum as well 
as the elevation of the signal which may be just visible at a given 
distance ma^ be determmed from the formula 

)i = (I - 2m) ( 1 ) 

in nhichh = the height of the station above a datum 

D=s the distance from the station to the point of tangenev. 

11= the mean radius of the earth 

in= the coelhcicnt of refraction (0 07 for sights over 
land and 0 OS for sights over water) 
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* B and E hems expressed In the same units 
Altej^tirely f„m the fonuula A = 0 0673 
“ ■‘vhich A IS m m and D m km 


(la) 


( 2 ) 


Relative Elevations of Stations -I„ Rg m to 


F g 146 

4. and B = the tiro stations 
D = the dutanee m Im between A and E 
.1 - the knot™ elevation of A above datmn. 

D - he ri"' ® 

D. - the d.Uno, in km ftom B to the (P, of t!^t7 
*°= 0 007^' “''“'“‘“f ftoto the fommli 


Aa - 0 oc-a Di* or D, f 
^ow D,«D-B, 


Iv fe<iuired elevation s: A s o 06 ’^D * 

as^ertamed ^ Te“ sltmn ' B ^ the elevation A*jtniay be 

s' “ 4' s-rSiTeiif™ 

swfon B of fotom + A - E I of 


gteater thankin' of the signals and mstniments will fct 

Pooter than the calculated one by a few metres 

turfa-e of "th' *“ ho'e the line of sight close to llie 

the strata r,t ^ point of tangency on account of 

ably 3 m anri *t -™ above the ground pre^e^ 

the heights of stat ** should be made m detenninms 


intci Intervening Ground -If the peaLs in the 

g ground are hkely to obstruct the line of sight, their 
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elevations and locations must be ascertained Xhe elevations 
of the line of sight at the respective points may then be computed 
and the results compared ^ith the ground elevations at those 
points to ascertam whether the Ime of sight clears all the mter- 
\ening obstructions The method of procedure is shown in the 
following examples 

Towers — (Fig 147) ^Vhen the station is to be elesated a 
rigid support must be provided for the instrument 
and the signal A tower is a structure erected over 
a station for the support of the instrument and the 
observing partj It consists of two independent 
structures , the inner tnpod supports the mstm- 
Fig 147 ment and the outer scaffold entirely surround 
Rg the instrument tnpod cames a platform for the observing 
party and a light awning at its summit to protect the mstrument 
from the sun and wind The two scaffolds are built entirely 
independent so that any movement of the outer scaffold due to 
movements of the observing part} or to the wind mav not be 
transmitted to the inner one They must be properly braced 
and gwved so as to make Uiem absolutclv immovable (o” ngid) 
Towers may be of timber, steel or masonrv For small heights, 
masonry structures are most suitable Steel towers made of light 
sections and rods (Bilby towers) are very portable and can be 
easil} erected and dismantled 

Example 1 — The tnangulation stations A and B, 50 km 
apart, have elevations 243 m and 2a8 m respective!} The 
intervening ground maj be assumed to hav e a unifoma elev ation 
of 216 m Find the minimum height of the signal required at 
B, so that the line of sight may not pass nearer the ground 
than 2 4m 

Minimum elevation of the line of sight != 216 +2 4 

= 218.4 m 

Tins elev ation being taken as the datum level, the elev ation 
of \ = hi= 243 — 21S 4 = 24 6 m 

The tangent distance Dj corresponding to mav be calcu 
Ifttcd from the formula A = 0 0673 D* 
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. D, D D, — JO — 19 12 =. 30 88 km. 

•» the distance D. IS 
S>= 0 06.3 X (30 SS)t = 04 18 m 

.-. The elevation of the line of sight at E = 218 4 met ,s 

„ . , = 282 ss m 

Ground level at B = 258 m. 

height of signal above geoand at B 

=« 282 58 -258 = 24 5S m say 25 m. 

A tnanguJation stalioas 

Obov, me’an JearverTh T ” 

the moflle h,h!^ I The elevations of tiro peaks C and Don 

.h:-SLerb;i'Ac"’-*oi'^“‘''s'!^ 

if X and R BTia » * C oO *vm and AD = 80 km Ascertaa 
Jteiffht of a so ff and, if necessaij’, find the minim un 

height of a seaffoldmg at B, assuming A as the gtoiind station 



In F 

^ , let a horizontal sight through A cut the horizon in f 

A of .o^al'hLdtSl'm t^e^I'br'"' 

“"■Vo-^3- • 

Now AC =. JO tn,. AD = so km ; mid AB - 120 km 
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Whence, rc = So 86 — SO 5 86 km. 

ed = 80 —55 86 := 24 14 km. 
eb ^120 —55 86 r= 64 14 km. 

The correspondmg heights cci, ddi, and bbi can be obtained 
from the above formula Thus we get 
cci=0 0673 X ( 5*86)* 2 311 m 

0 0673 X (24 14)' *= 30 21 m 
6&j=0 0673 X (64 14)» = 227 0 m 

To ascertam if the line of sight AB will clear the peaks C 
and D, we have 

V* __Acj _ 50^ djdt _ Adj _ 80 
bfi ~ Ab, 12^* 

But biB =s 1030 — 277 0 = 773 0 m 

c-c. — X 773 0 « 322 08 m. 

120 

d-dj _!1 X 773 0 = 515 33 m. 

^ * 120 

The ele\ ation of the Ime of sight at C a cci + CiC^ 
a2 SI +322 OS =334 80 m. 

The elevation of the line of sight at D = ddj + didj 
= 24 14 +515 83 =530 47m 
Now the elevation of C =360 m and that of D =542 0 m 
Thus the line of sight cleats the peak at C, but fails to clear 
that at D by 543 — 539 47 = 2 53 m 

To clear b\ 3 0 ra at D, djd, = 30 + 2 53 =553 m. 
The Ime of sight should therefore, be raised at B bj the amount 

BA, = ^ djd, = — X 5 53 = 8 SO m 
AD * 80 

Hence the mimmum height of the scaffold at B = 8 30 m 
The above procedure may be adopted when there is only 
one mtervemng peak 

Examples — The elevations of two triangulation stations 
A and B 100 km apart, are 180 m and 450 m respectively 
The mtervemng obstruction situated at C, 75 km from Abas 
B. L. n -12 
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an elevation of 259 m Ascertain if A and B are mtemsible If 
not, by how much B should be raised so that the Ime of sight 
must nowhere be less than 3 m abcne the surface of the 
ground, assuming A as the gcoimd station ? 

(i) Craving a figure similar to Fig 148 and using the same 
notation, we have. 


The distance Ae to the visible bonbon from stabon A is 


/_h 

V 0 0673 

/Tso 

V 0~ 0873 


= 51 


72 km. 


Now Ac as» 75 km. 

« « Ac — Ae =» 75 — 51 72 « 23 28 km. 
e6a» A3 — Ae 100 -> 51 72 «. 48 28 km 
Whence cci «<= 0 0073 (23 28)* «* 36 48 m. 

and til «= 0 0673(48 28)* * 356 8 m 
(u) To ascertain if the line of sight AB will cleat the obs 
truclion at C, we have 

But W>i «450 -136 8«293.2m 

frjB Afrj 100 * * 

• c,c, = X 293 2=« 219 9 ra. 

100 

Ncpw the elevation of the line of sight at C = cci + St't 
= 36 48 + 219 9 = 256 38 m. 

But the elevation of the obstruction at C ®= 239 00 
Thus the Ime of sight AB falls to clear the obstruchon at C 
by 259 00 — 256 38 = 2 62 m. 

(lu) To clear by 3 m, the hue of sight should be raised at C 
by an amount = 2C2 +3=5 62ni 
. CjCs = 5 62 m. 

^Vhence, the line of sight must be raised at B by an amount 

nl AB 100 

B6, = _ .Cjc, = X 5 62 = 7 49 m 
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Minimum station height above the ground at B 

= 7»49 m say 7*5 m. 

Alt^matiie method — By Caplatn G T. McCaw's soltUton. 
In this method the height of the line of sight at the mter- 
venjng obstruction may be obtained by the formula 

b = i (h,+h,) + i (ft, - ft,) i - (>• -I*) COMC*C (i-^) 

In which 2 s = the distance between the two stations (A and B). 

8 4- a: = the distance of the obstruction from station A 
s — X ~ y, ,, , „ „ station B 

hi = the height of station A 
Aj = the height of stabon B 

A =a theheightof the hne of sight at the obstruction C 
2KN 

cosec* ^ may be taVen equal to vimty; «0‘03T3. 

Hence Ss s loo km, s a 50 km, s 4* ^ ™ 25 km] 

e B 23 km 

Aj «=» 180 m ; Aj *= 450 m 
. wt . I ft 180+450 630 

i (^1 + ^‘i) = — =■ =* 315 ra 

i(ft, -ft,) = ^=135m 
Now «*— «* 75 X 25 = 1875 

(s*— —0 0673 X 1S75 = 126 2 m 


Hence A =315 + 135 X — 126 2 = 315 + 67-5— 126*2 
50 

= 250 3. 

The height of the obstruction at C = 259 m 

The line of sight AB fails to clear the obstruction at C 
b> 259 — 250 3 = 2 7 m 

To clear by 3 m the hne of sight should be raised at C 
by on amount =2 7+3=57m 

Slmiroum station haght above the ground at B 


100 

75 


X 5*7 = 7*6 m 
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Signals — A signal is any object such as a pole, taiget 
erected at a station upon which a sight is taken by the observer 
at another station The signals may be classified as (i) non hiiai 
nous (opaque), (u) sun signal^ and (lu) night signals The signals 
should be conspicuous (dear]} visible against any background) 
free from phase, capable of being accurately centred orer the 
station and readily bisected When frie cyhndricsl signal is partly 
illuminated and partly m the shadow, the observer sees only the 
fllummated portion and bisects it The error of bisection thus 
mtroduced is called phase It ts (he apparent displacemait ol 
the centre of the signal It is therefore, necessary to apply 
the correction for phase to the observed direction m order to 
determine that to the centre of the signal 

There are two coses according as (J) an observation is 
made on the bright portion and (2) an observation is made on 
the bright line 



Fig M9 (a) Ftg U9 (b) 

(1) ^Vhen the hnght (illuminated) portion is bisected 
In Fig 149 a, B 13 the position of the observer , A the centre 
of the signal , the visible portion of the illuminated surface 
extends from D to E , BC the Ime of sight. Then the phase 
correction (y) is 

CBA = y = J ( g 4' 5) radians = — seconds 
D sin 1' 
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in which r = the radius of the signal , < = the angle which 
the direction of the sun makes with BA , D = the length of 

Bight 

(2) When the observation is made on the bnght hne 
formed by the reflected rajs, SCB representing their path. 
(Fig 149 b) 

The phase correction 6 is given by 

= e seconds 

D sm 1' 

The observed angle is then corrected bv applying the 
correction algebraically according to the relative position of the 
sun and the signal 

-The opaque signals include the pole or 
target signals For sights under 7 km, 
pole signals consisting of round poles 
painted black and white in alternate 
sections and supported bj a tnpod or 
quadnpod (Fig 150) may be used For 
distances upto 25 or SO km the target 
signals are generally used The target 
signal consists of a pole carrying two 
square or rectangular targets made of 
doth stretched on wooden frames and 
placed at nght angles to each other 

Aun Stgnali — The sun signals include the heliotrope and 
hehograph Thej are mvanablj used when the distances between 
stations exceed about 30 km The hehotrope essentially consists 
of (i) a plane mirror which reflects the rays of the sun and (u) 
a line of sight to transmit the reflected light m the direction 
of the observer s station 

Kight Signals — The night signals are used for night observa 
tions They include (i) large kerosene oil lamps with Argand 
burners furnished with parabolic reflectors used for sights under 
about 80 km (u) the acetylene gas lamps (JIcCaw lamn) (m) 
Drummond s lights consisting of a small ball of lime placed m 
the focus of a parabolic reflector and raised to a very ^gh tem- 


Opague Signals — 



Tig 1*0 
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perature by impinging upon it 8 stream of oxygen gas, (iv) ele- 
ctric lamps, and {v) the magnesium lamps with parabolic reflec 
tors, used for long Imes 

Atmospheric Cond4tions — ^Honzontal angles should be 
measured when the air is the clearest and the lateral refractioa 
minimum, the best time m clear Weather being from 6 a m to 
9am and from 4pm till sunset In densely clouded weather 
satisfactory work can be done all day. First order work is 
generally done at night, since mght observations ate mote 
accurate than day obsen'ations and the number of hours a day 
available for good work is doubled Night operations are 
confined to the period from sunset to midnight The best tune 
for measuring vertical angles IS from 10 a m to 2 p m when the 
vertical refraction is the least \anable 

Measurement of Angles 

Instruments for Measuring Angles — ^The geodetic instru 
meats (theodolites) used in tnangulation work ate specially 
designed for \ery accurate measurement of bonsontal angles 
They differ from those used in plane surveying in the following 
respects — 

(1) They are made of the best material (2) They are of a 
larger size and of a higher grade of workmanship (3) The teles 
cope must be of the best quality and of high magnifying power 
{ usually ranging from SO to SO) (4) The size of the aperture 
of the ob)ectl^ e is large (6 5 to 7 5cm) (5) Greatest care is taken 
m marking the graduations and lo making and fitting the centres 
(6) All the les els are more sensibve, the sensitiveness of the plate 
bubbles being 10 to 20 seconds per division and that of the striding 
level 1 to 5 seconds per division (7) The cross hairs used in the 
telescope are of different, pattern For sighting poles or targets, 
cross hairs placed in the fonn of X are used (the angle at which 
they are set varying from 45* to 90®), while for observing light 
signals two panllel vertical hairs are used, the distance between 
them being such as to subtend an angle of 25 to 35 seconds 
(8) Lifting rings are provided 

It was formerly supposed that greater precision could ^ 
secured by increasing the size of the circles (the larger the circJe 
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the greater the accuracy) and, therefore the 45 cm (18m') 
to 90 cm ( 36 m ) mstruments were used for triangulation 
work of different grades But it has now been found that there 
IS no advantage in having the circles more than 30 cm in 
diameter The 25 cm to 3ft cm mstruments are now used for 
first order work, 18 cm to 20 cm instruments for second order 
work, and IS cm instruments for third order work 

There are two types of instruments used m tnangulation of 
high precision, viz (1) the repeaitng mstrument and (2) the 
direction mstrument The repeating mstrument has a double 
vertical axis (two centres and two clamps) and is provided with 
two or more verniers reading to 10 to 5 seconds It is used when 
thi. angles are to be measured by the method of repetition. 
The direction instrument has only one vertical axis so that it 
cannot be used for measuring angles by repetition and is provided 
with two or three micrometer microscopes instead of verniers 
to read fractional parts of the angle smaller than the smallest 
division of graduated circle The horizontal circle of 25 cm 
or 80 cm instrument is usually graduated to 5 minutes and by 
means of micrometer microscopes an angle can be read directly 
to the nearest second and 0 1 second by estimation The direc- 
tion mstruments arc geaerall) used for primary tnangulation, 
while the repeating mstruments are used for secondary and tertiary 
tnangulation 

In recent times the geodetic theodolites of the micrometer 
type are being replaced by those of the double reading type ’* 
such as the Zeiss Wild, or Tavistock theodolite The distmgui- 
shing features of the doable readmg theodolite with optical 
micrometer are 

(1) It IS very small and light Its horizontal circle is 
made of glass and is only 7 to 8 cm in diameter 

(2) The graduations of the circle are very much finer 

(3) All readings can be taken from the c\e piece end of 
the telescope The obsener need not, therefore, moie round 
the mstrument to read the different levels and micrometers 

(4) By means of a system of prisms the gradual ons of 
the diametncall} opposite parts of the circle are brought to'^ether 
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the two angles The six repetitions of the angle and the same 
number for its explement make one set Six such sets are 
usually taken for first order work, while two to four such sets for 
second order and third order work The results are then averaged 
to determine the true value of the angle 

Programme of Measurement — (i) Centre the instrument 
over O and level it accurately Set vermer A to zero and read 
vermer B ( or all verniers if there are more than two verniers ) 

( 11 ) Set the telescope direct, swing clockwise, and bisect 
the left station A 

( m ) Loosen the upper clamp, turn clockwise and bisect 
the right station B 

( IV ) Read vermer A to find the approximate value of the 
angle 

(v) Unclamp the lower plate, turn clockwise, and again 
bisect A 

( VI ) Release the upper clarap, swing clockwise and set on B 
(vu) Loosen the lower clamp, turn clockwise, and set on A, 
(vm) Slacken the upper clamp, swing clockwise, and set on B 
( uc ) Reverse the telescope, and leavmg vermers unchanged, 
turn clockwise and set on A Wake three repetitions 
exactly as above 

( X ) Head both vermers ( or all verniers if there are more 
than two vermers) 

( xi } Leaving the verniers unchanged and the telescope 
retersed, set on B Measure the exterior angle BOA 
three tunes in exactly the same manner 
(xu) Set the telescope direct and agam measure it three 
tunes 

(xm) Finally read both vermers (or all verniers if there are 
more than two vermers) 

(xiv) Relevel the instrument, if necessary, and proceed as 
above for the second set, the verniers remaining 
unebanged. 
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eccentricity between the centre of the alidade ( vernier plate) 
and the centre of the limb (lower plate) are eliminated by reading 
both verniers and taking the mean 

(u) Errors of coUimation and horizontal axis (i e errors due 
to the line of colluhation not being at right angles to the horizontal 
axis, and the horizontal axis not being perpendicular to the 
vertical axis) are eliminated by reversing the telescope (using 
both faces) 

(ui) Errors due to inaccurate graduation are eliminated 
by taking readings on different parts of the circle (by repetitions) 
(iv) Errors due to pointing and to repeated clamping are 
eliminated hy closing the honzon 

(2) Observational Errors — ^Errors in the pointings tend 
to compensate each other and the remaimng error minimised 
by the division 

(8) Errors due to atmospheric influences are eliminated by 
taking different sets of measurements on different days 

It may be noted that error due to the vertical axis not being 
truly vertical cannot be eliminated Care must, therefore, he 
taken to keep the plate bubbles in true adjustment Otherwise the 
graduated lunb will not be horizontal and the measured angles 
will always be too large Similarly, errors due to inaccurate 
centering of the instrument or the signal cannot be eliminated 

U The Direction Method —In this method the angles at 
a station are determined by measuring the direction to each 
station from an initial or reference station and b> taking the 
differences of successive readings One of the tnangulation 
stations wluch is likely to be always clearly visible maj be selected 
as the initial or reference station Suppose the angles AOB, 
BOC, and COD are to be measured at the station O (Fig 146) A 
may be taken as the initial station With the telescope direct (or 
normal), A is bisected and all the micrometers read Each of the 
stations B, C, and D is then bisected successively, reading all the 
micrometers after each bisection The stations are again bisected 
successively but in the opposite direction (from right to left) 
as C, B, and A, reading the micrometers at each bisection The 
telescope is then inverted and the observations repeated as 
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before Thus vre get four measures of each angle, which make 
one set The obser\atiotis for the second set or sena 
should commence from a different “ zero ” so that the 
readings will be observed on different parts of the circle 
The limb is then shifted through s number of degrees equal 
360® 


to - 


nhere J 


the number of micrometers and n the 


number of sets The inicrometers should not be set to an exact 
number of degrees The second set is then taken in exactly the same 
manner Six or eight sudi sets or senes arc taken fcr first order 
work four for second order work and 2 foe third order work. 
If any set differs bj about 4*. it is discarded The results are 
then averaged to obtain the true value of the angle 


In addition to measurement of mdividual angles, suin' 
mation angles (angles m various combinations} such as AOC, AOD 
and BOB are sometunes measured 


Programme of Measureineot — 

(i) Set up the instrument at 0 and level it accurately 
Set one of the micrometers to zero 

(u) With the telescope direct (or normal), bisect A Read 
all micrometers 

(m) Bisect successively each of the stations B, C, and D 
and read all micrometers after each bisection 

(iv) Bisect, C, B, and A successively and read all micro' 
meters at each bisection 

(v) Reverse the telescope, set on A and read all mJcro* 
meters 

(vi) Set on B, C, and D successively and read all micny 
meters after each bisection 

(vii) Set on C, B, and A successively and read all micro' 
meters at each bisection 'Hie entire operation completes the 
first senes 

(vui) Shift the limb Rdcvcl, if necessary Repeat the 
observations for tbe second senes in exactly the same manner 
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The routine of observation is specially arranged to ehnu* 
Date the following instrumental and observational errors 

(1) To elimmate errors of eccentricity of the vertical ams 
and of the microscopes, all the micrometers are read at each 
bisection of the stations 

(2) To elimmate errors caused by imperfect adjustment of 
the line of coUimation and horizontal axis, observations are 
taken on both faces ( half of the measures with the telescope 
direct and half with the telescope reversed ) 

(3) To elimmate errors of graduation, each angle is read 
on different parts of the circle by changing or shiftmg “zero”. 
To do this, the limb is shifted after each set of readmgs through 

, , ^ 360 ^* 

an angle equal to - — 
mn 

(4) To elimmate errors of mampulation, and those due to 
twist of the mstrument and station caused by the effect of the 
sun and wind, and those due to slip due to the defective clamping 
apparatus, one half of the measures are taken from left to right 
and the other half from right to left and bringing the cross- 
hairs into coincidence from left to right alternately It may be 
noted that when the station is elevated, its top is, in clear wea- 
ther, usually twisted in the direction of the sun’s movement. 
The twist has been observed to be as much as 1 second per 
minute of time on a station 23 m m height 

(5) To eliminate errors of pointing and reading, a large 
number of obseriations are taken 

(6) To elimmate errors of atmospheric influences, different 
sets of observations are taken on different days 

Reduction to Centre 

It sometimes happens that it is impossible to set up an 
instrument exactly over the stations as when objects such as 
church spires, steeples, flagpoles, towers, etc , are selected os 
triangulation stations m order to secure well shaped triangles 
or because of their visibility In such a case, a subsidiary 
station is established as near the true or prmcipal station as 
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possible, the station so established being called a saieUxU st^lS^on. 
01 an eccentric or a/alse stofion Tbetrue station is referred to the 
satellite station by a distance and an angle The distance between 
the true station and the satelhte station known as the eccenirw 
distance may be determined by (a) trigonometrical levelling 
( Vide method 2, page 589, Part I ) or (b) triangulation. The 
instrument is then centered over the satellite station and all the 
angles at this station are measured with the same precision as would 
have been used in the measurement of angles at the true station 


A £ c 



fig 1S3 


These angles will not be the same as those 
when measured at the true station They 
may, however, be readily reduced to what 
they would have been if the true station 
were occupied by computing corrections 
and applying them algebraically to their 
observed values This operation is known 
as ‘frdttctjon to cen/re” 


la Fig 153, let A, B, and C «tbe triangulation stations 

B =« the true station to which sights are taken from 
the stations A and C. 

5 B the Satellite station 

BS a= the eccentric distance (d) 

< =■ the angle BAS 
/5 = the angle BCS 

6 = the angle ASC measured at S 
y = the angle CSB measured at S 
B = the required angle ABC 

a, b, and c *= the lengths of BC, CA and AB respectively 

In the triangle ABC the angles BAG and BCA are known 
by actual measurement, and the side AC is known by compu 
tation from its connection with adjacent triangulation. The 
sides AB and BC may, thwefore, be calculated by the applies 
tion of the sme rule 


Now ^ABC =» 180- — 4BAC — ^BCA 


AB *=c 


CA sm BCA 
sm ABC 


BC =a 


CA sm BAG 
sin ABC 
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Knoivmg the sides AB and BC, and the angles ASG and 
CSB, the angles BAS ( < ) and BCS ) may be calculated by the 
sme rule. 


Therefore, sm «< 


.„d 


SID P 


d sin y 

a 


Since << and p are very small angles, 
^ ^ sin «< _ d sm(fi + y ) 
sm 1' c sin 1' 

, sin P d sm y 

and P *= = . 

sin 1' a sm 1' 


w e may write 


Having determined the values of < and P , the true angle 
ABC (B) may be determined thus : 

AEC = ASC + BAS = « -f <. 

Similaply, AEC *=» ABC -f BCS ** B + )?. 


Wlience, the true angle ABC = B 


9 + 


rdsm(9 + y) 

d sin V 

1. e sm 1' 

c sm 1' 


There are four cases corresjrandmg to the four positions of 
the satellite station S as shown m Fig. 154. 



The corresponding equations are 
Case I (Fig. 153) • B = ^ 

Case n (Fig 15S) . B = 6 — •< -h ^ 

Case III (Fig. 156} : D = 0 — •< — p 

Case IV (Fig 157) : B = 9 + ^ 
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TVhen a round of angles or directions is taken from an 
eccentric or a satellite station, the necessary corrections may 


A b . .C 



a 

Fig. 156 



Tig. m 


A i C 



fig. 157 



be calculated as follows (1) The Ime joining the eccentric 
station to the true station is assumed to be a meridian. (2) The 
measured angles are then reduced to this mendian (8) The 
corrections required to refer these directions to the true station 
are then computed by the formula 

Correction( <)m seconds as jff — — - 
D sin 1 

in which d = the eccentric distance , » the observed angle 
reduced to the assumed mendiati ; and D = thfe^ distance from 
the true station to the observed station. 

The signs of the corrections are the same as those of sin t. 
Thus m Fig 158, P is the eccentric station; A, the true 
station; PA, the assumed mendiao; APB (6j), APC (6i), etc. 
the reduced directions; PA, the eccentric distance (ff); AB, 
AC, etc. the distances Bi, D*. etc. of the observed stations 
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B. 0, etc. Then the corrections ABP { <i), ACP ( •<,), etc are 
obtained by solving the triangles APB, APC, etc. Thus we have 

d sin 6i d sm St . 

<t~ < 1 = ?~;etc. 

sin 1' Vi stn 1 

Satelhte stations should be avoided as far as possible m 
primary triangulation, but they are of frequent occurrence in 
secondary and tertiary tnangulation 

Eccentnaty ol Signal — When observations are made 
upon a signal which is found to be out of centre ( eccentric 
aignal ), it is necessary to apply the corrections to the obser- 
ved angles The corrections will be the same as those com- 
puted above. Thus if in Fig J53, the signal for station B 
IS at S, the observed angles CAS and ACS must be corrected 
by < and p respectively. In Fig 159, the signal loithe station 
A 13 situated at P instead of at A The observed angle CBP must, 
therefore, be corrected by tfae angle ABP m order to obtain 
the true angle CBA. 

Now m the triangle ABC, the angles BAC and BCA are 
known by actual measurement, and the side AC is known by 
computation from its connection with adjacent tnangulation. 
The side BA can, therefore, be calculated The angle APB and 
the distance AP being measured, the required correction may 
be obtained from the relation 

ATiTJ r j ^ AP smAPB 

ABP uq second) « . 

^ BA sm 1' 

Example 1 • — Form an eccentric station E, 13 8 m from 
station A, the angles measured to three trigonometncal stations 
A, B, and C are as follows, the stations C and E being on opposite 
sides of the hue AB : 

4BEC = 68* 26' 36', ^ICEA =* 32’ 45' 48'. 

The lengths of AC and AB are 5588 4 m and 4371 ‘Om 
respectively. Calculate the angle BAC. (Fig 153) 

LetZEBA « <andZECA«/J ;AE=13 8m,^kB=4371-0m 
AC= 5588 4mzBEA = ZBEC+ZCEA=*68’26 S0'+32’ 45'48' 

=s 101* 12’ 24*. The required angle BAC = ZBEC 4- •< — 
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AB AC 

Since o( and fi are reiy small angles, we may wnte a 

, , , 13 8 sin 101" 12' 2i’ 

< (in seconds) = — = 638*788 

4371 0 sm 1' 

, , , 13*8 SID 32“ 45' 48' 

e (m seconds) == « 275*645. 

' 5588 4 sm V 


Hdce Z.B \C =s 6S“ 26 86' + 638'*78S — 2T5' 645 

68" 82' ar-m 

£xarDpla2 — In measuring angles at a tnangulation statiai 
C, it was found necessary to set the transit over another station 
P south west of C and 3 m from C so that the angle APB u 
approximately bisected b\ the Ime PC. The angles APC miJ 
CPB were found to be 28" 20' 85' and 33“26’45'respectjrelf Ihe 
side AB was computed to be 975 m u the adjacent tmugle* 
and when the station C was obserred, the mean values of tiie 
angles CAB and CB\ were recorded as 61" 80' 25' 8nd58*54'20' 
respectively. Determme the angle ACB ( See Fig 157) 

(i) LetZ.PAC« ^{PC = 3 m; AB « 975 la. 

In the AABC,^ CAB =61" 30' 25', 4CB4. = 58* 34' 20'. 

A ACB «180* — Z.CAB— /.CBA =» 180“ —61* 30'25' —58* 84' 20' 
=« 59“ 55' 15'. 


By the sine rule, CA =s 


975 sm 58“ 34' 20' 
sm 39* 55' 15' 


975 sm 61*30’ 25' 


= 761*44 m. 
« ^90*258 t* 


•< (m seconds) = =305* *55 or < = 5'5' 55 

961 44 sm I' 


* / , « 3 sm 31 26 4c^ r.n. # , a s' 97**1 

(jn seconds) = =53l'*l or 1 * ^5 31 i 

9.0 258 sm I' 

^’ow^ACB = £APB 4- «c -^ /» = (AAPC4- Z.CPB ) + •< + ^ 
= 28“ 20' S5'+ 31" 26' 45'+ 5' 5'*55+ 5' SI'- 1 
= 59 * 57 ' 56 '* 65 . 
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Example 3 — From a satdlite station E at a distance of 
4 2m from the mam trtangulation station D, the following 
directions were observed 

D, O'" 0 0' , A, 140'’ 21 40' , B, 208” 47 20' , C, 282® 34' 10' 

The lengths of DA, DB, and DC were 2870 1, 3791 4, 
and 2677 5 m respectively Determine the directions of DA, 
DB. and DC 


Let «<i, «< 2 , and be the corrections to the observed 
bearings of EA, EB, and EC rcspectivelv 

Now m the A BED, A BED = 360®— 208”47' 20'= 151® 12' 40'. 

In the A CED. Z CED = 360®— 282®34' 10'= 77® 25' 50®. 

_ ED sm DEA 4 2 sm 140®23 40' 

Then = — ®=* . — 

D V sm I' 2870 1 sm I' 

= 192 42 seconds or 8' 12' 42 (+w) 

e 1 , 4 2 sm 151®12 40' , 

Similarly, •< « = — 110 039 seconds or 

8791 4 sin I' 


Hence 




4 2 sm 77® 25 50' 
2677 5 sm 1' 


1 50' 04 (-PC) 

315*798 „ or 5' 15' 8. 


Direction of DA = direction of E\ + <<i 

= 140® 23 40'+ 3 12' 42 = 140® 26' 52' 42 
„ of DB = 208® 47 20'— 1 50' 04 = 20S® 45' 29' 96. 
of DC = 282® 34' 10'— 5 15' 80 = 282® 28' 54' 20 


Example 4 — The followmg notes refer to observations 
made on P, Q, and H from a satellite station S near the mam 
triangulation station P on a church spire 

Q, 0® 0 O', R, 63® 32 20', P, 309® 17' 30' 

To determine the distance of the satellite station S from 
P, the station A was fixed towards stntionP at a distance of 21 ni 
from S so that S, A, and P were in the same vertical plane The 
vertical angles observed at A and S to the church spire were 
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21® 53' and 14® 24' respectivdy. The staff readings on a reference 
point taken with the horizontal sight from S and A were 0'996 a 
and 0 852 m The lengths of PQ and PR were 6415 8 m and 
7129*2 rn respectively. Calculate the angle QPR. (Pig. 155) 

(i) To find SP : — The difference of level between the uut 
axes at S and A = hj = 0*99C — 0*852®s 0*144 m. 


The correction to be applied to distance AS = hi cot ? 
=a 0*144 cot 14*24'= 0*561 m Since the inst, axis at ststicaS 
IS higher than that at station A, the correction is additive 

Now the distance (D) from A to the church spire (P) may 
be obtained from 


d tan Kt 

(tan < 1 — tan •(»)* 


21 561 tan 14® 24' 


Hereda= 21 + 0*561 =21*561 m 
<1= 21*53'; <*« 14*24'. 


s 38*204 m. 


(tan 21® 58'— tan 14® 24') 

Hence the distance SP » 21 -f- 38*204 59*204 m. 

(u) NowZQSRs" 63® 82' 20'; ZPSQ =» 860®— 809* 17' 60' 

= 50* 42' 30'. 

and ZPSR « ZPSQ + ZQSR =SO*42'3O'+63*82’20' 
= 114“ 14’ 50'. 


e< and ZPRS = fi, 

SPsinPSQ _ 39*204 sin 50* 42’_30^ 
PQ sin^^ €4l5«8sml' 

1473*08. 

SP sin PSR 59.204 sin 11 4*14' 50* 
PRsm'i' 7129*2 sm 1' 

= 1561 -81. 

ilow z QPR = ^QSR ~ + fi 

= 63® 32' 20'— 1473'*0S + 156l'*81 
= 63® 32' 20' -f 1' 28'*7a= 63" 33'48'*73. 


Let Z PQS « 
Then «< (in seconds) = 


^ (m seconds) = 
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Base Line Measurement 

In tnangulation the base line is of prime importance Smce 
the accuracy of the computed sides of the tnangulation system 
depends upon the accuracy of measurement of the base line, 
utmost care should be taken in its measurement The length 
of the base vanes from a fraction of a 1 5 km to 13 kmjaccordmg 
to grades of tnangulation It generally lies between one third 
and two-thirds of the length of the average side of the tnangula- 
tion sjstem In India ten bases were used The lengths of the 
nme bases \aried from 6 4 miles ( lO 7 km ) to 7 8 miles 
( 13 km ) and that of the tenth base was 1 7 miles ( 2 83 km ) 

Base Line Site — In selecting the site for a base line, the 
following requirements should be taken mto consideration — 

(1) The site should be fairly Ie\el or uniformly slopmg or 
gently undulating 

(2) It should be free from obstructions throughout the 
whole of its length 

(8) The ground should be firm and smooth 

(4) The site should be such that the whole length can be 
laid out, the extremities of the base line bemg mtervisible at 
ground level 

(5) The site should be so selected that well shaped triangles 
can be obtained in connecting the end 
stations of the base to the maut triangu 
lation stations In >ery flat open country 
there is a considerable choice of sites 
and the base may be selected to suit the 
location of the tnangulation stations, 
while m rough country the choice is 
limited and some of the tnangulation 
stations must be selected to suit the 
location of the base Ime 

Base Net — A senes of triangles 
connectmg a base Ime to the mam tnangulation is called a 
base nti The base should be expanded gradually by tnangihi 



Fig 160 



874 


aase Measuring Apparatus _ti. 
base line measurement are fi) ? instruments used for 

'““‘“S of W Steel „ Ini SS Zi oppamto 

’en-es “Po®. and (b) steel and bmi 



Fig 181 

Rigid Bars -The ninit k . 

’^ork of highest precision* tk * formerly used for 

rartal They indude (i) Contact ” 

ban were placed recessive 

base bars, which were desitmi^ Compensating 

under varying temperature bv ^ a constant length 

f g Colbj’s apparatus rtl r « <^nmbination of two metals 
base-bars e a DudIcx 'o un^inlhc and non compensating 
m which the temperaturii PPnratus, (4) Sronometallic base-bars 
pomt of ice, e g Ice R„r constant at the melting 

Tapes Xh “PP^ratus, or is otherwise ascertained 

IS an alloj of steel “1“ * ui^ar’ Invar 

of this aUoy is that The chief advantage 

“r"r flVt that “ "'-y ‘o- ooofficeat .f 

soft and easdj kmlpf? mvar tape is very 

“"foPj It should h, J •'■'tefore, be handled eoT 

» -PP X !mu, m cross "r T” “ «=' ‘i™” « » 

tPPt ate ususUy divrdedT j"'""'* of 30 ■» inm 
“f to 1 mn The tapes used a 
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base Ime measurement are usually from 30 m to 100 m long 
and the value of the coefficient of expansion rarelv exceeds 
1 Xl0“* per degree C For m^surementsof ordinars precision, 
the steel tape or the mi ar tape may be used but for those of high 
precision, the miar tape 100 m m length is invariably 
used. The tape must be standanlizcd, i e its actual length 
under specified conditions must be determined lerv accurately 
bj comparing it aith a standard of knoiin length Standardiia- 
tion is done bj the survey and standards department The 
certificate issued states the actual length ( absolute length) of 
the tape (or the error of its length) for a certain temperature 
and pull, and whether the tape was standardized flat or i* 
catenarj At least two tapes arc usuallj standardized, one 
for use in the field (field tape) and the other kept for comparison 
It is well to note here the distmctiou between the nominal 
length and absolute length of a tape B> the former is meant the 
<lesignated length of a tape (e g 30 m tope or 100 m tape), 
while bj the latter is meant its actual length under specified 
conditions The expression such as “ the tape is standard at 
16*0," means that its actual length is exactly equal to its 
designated length at 15^ C The tape is a \ er> convenient instru- 
ment, and measurement can be done easilv and mpidly, and also 
economically Steel and brass wires may also be employed for 
base measurement (Jaderm’s method) The method is however 
no longer used 

Equipment for Base Line Measurement — The equipment 
consists of (1) three standardized tapes (one for field measure- 
ments and the other two used only for standardizing the Geld 
tape at frequent inters als, (2) straining device, (3) spring balance 
or weight and pullev', (4) six thermometers, and a finely div ided 
pocket scale, (5) marking tnpods or stakes, (6) supporting 
tripods or stakes, and (7) a spacing steel tape for setting out 
tnpods or stakes Two of the six thermometers should be 
standardized and kept for use as standards Tlie spring balance 
should be sufficientlj sensitive It should be tested at the 
beginning and at the end of each dav’s work 

Ftefd IFork — The surv ej personnel consists of ( 1 ) a settmg* 
out party and (2) a measurmg par^. The former places the 
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tnpods or stakes in advance of the measurement at correct inte> 
Tals, while actual measumnoit of the Ime is done by the Utter 
To begin with, the line is cleared of obstructions such as 
trees, bushes, etc and is first approximately set out and 
levelled The line is then divided mtosections ofaboutO 8tol 3 
km m length and accurately aligned with a transit, stout posts 
10 cm X 10 cm being driven firmly mto the ground at each 
end of the section A series of such posts (marking or measuimg 
posts) are accurately driven on the line with their tops about 
0 6m aboi e the ground surface at intervals slightly less than 
one tape length A strip of zinc or copper is nailed on the tt^ 
of each post to provide a flat surface for njarkmg the end of 
the tape Supporting stakes 2 5 cm x5 cm arc driven with their 
faces in line at the proper intervals (15 to SO »), the nails being 


» SrftAtNIMff ACiS M 


Pig 163 a 

driven in their sides to carry hooks to support the tape. The 
points of support arc set either on a uniform grade between the 
marking posts or at the same lei el For very accurate work, 
tnpods are used as tape supports instead of posts The diffe 
Fences of level between the stakes ate then very accurately 
deteimmed by spirit leveUing 

To measure a base line, the tope is stretched between the 
marking posts (or tnpods) and allowed to hang freely The rear 
end of the tape is connected to the straining stake (or pole) driven 
behmd the rear marking post and the forward end to the spring 
balance or other stretchu^ apparatus (Fig 163 a) The rear 
end of the tape is adjusted to coincide with the mark on the zme 
strip of the rear marking post The proper tension is then 
applied by means of a sprmg balance and the position of the 
forward end of the tape is marked on the zinc strip with a steel 
senber. The temperature of the tape is determined by three 
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thermometers one placed near each end, and one near the middle 
of the tape. The tape is then earned forward and the process 
repeated until the end of the section is reached. The section 
is again measured in the reverse direction as a check. If the two 
measurements agree ^ithm the permissible limit, then" mean is 
adopted for the length of the section Otherwise, additional 
measurements must be made. It is advisable to make several 
measurements of each section at different times and with different 
pulls and temperatures. The most senous source of error in 
precise base-line measurements is dae to the difficulty of measure- 
ment of the actual temperature of the tape When steel tapes are 
used, it IS essential to determine the temperature of the tape 
lery accurately, but when the invar tapes are used, errors in 
determining the temperature of the tape are less important, since 
they have an exceedmgly small coelTicient of expansion. Very 
precise measurement b> steel tape can be done only on densely 
cloudy days or at night (when the air and the ground are at the 
tome temperature). But by mvar tape, best work can be done 
at all hours of the daj 

Another method of measuring the base is to measure the 
distance betneen the fine marks on two successive tripods 
( Fig. IGd b). By means of a small graduated scale at each end 
of the tape, the exact distance between the marks on tripod 



Fig. 153 b 

farads is determined, the reading on the scale corresponding to 
the mark bemg read with a microscope 


Corrections to Base Line Measuremeota 

It is necessary to apply the following corrections to the field 
measurements of a base Ime m order to obtam its true length : — 
(i) Correction for absolute length, (u) Correction for tem- 
perature, (ill) Correction for tension or pull, (iv) Correction for 
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sag, (v) Correction for slope or vertical alignment, (vi) Correction 
fc” horizontal alignment, and (vn) Reduction to sea level 
A correction is said to be jrltM or positive nhen the uncorrec- 
ted, length IS to be increased, and mtnus or negative when it « 
to be decreased in order to obtain tlve true length 

It ma> he noted that each section of the base Ime is 
separately corrected 

Correction for Absolute Length — It is the usual practice 
to express the absolute length of a base measuring unit as its 
nominal or designated length plus or minu« a correction The 
correction is gnen by the formula 



where C* « the correction for absolute length 
L as the measured length of base 
1 aa the nominal length of measuring unit 
e =5 the correction to measuring unit 
The sign of the eortection (C*) will be the same as that of c 
It may be noted that L and I roust be expressed in the same 
units, and the unit of C* is the same as that of c 

Correction for Temperature — It is necessary to apply thu 
correction since the length of a tape is increased as its tem- 
perature is raised and consequently, the meisured distance w 
too small It 13 gn en by the formula 

C, = a (r„ _ T.) L I*) 

in which C< = the correction for temperature 

a — the coefficient of thermal expansion 
Tpi = the mean temperature during measurement 
To = the temperature at which the measuring unit 
standardized 

L = the measured length 

The sign of the correction is plus or minus according as 
Toi is greater or less tlian T* The coefficient of expansion for 
steel vanes from 0 0000099 to 0 000012 per degree C and that 
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for mvar is 0 0000010 per degree C or less If the coefficient of ex 
pansion of a steel tape IS not known an average value ofO 000011 
may be assumed For very precise work the coefficient of 
expansion for the tape in question must be carcfullj determined 


Correction for Pull (or Tension) — Ihe correction is 
necessary when the pull used during measurement is dilTerent 
from that at which the tape or wire is standardized It is not 
required m the case of rigid apparatus i e base bars It is 
given by the formula 


^ _(P-P,)L 
TiT" 


( + i-f ) 


( 3 ) 


where Cp — the correction for pull in metre 

P SK the pull applied during measurement m kilogram 
Pa = the pull for which the tape is standardized in 
kilogram 

1 =s the measured length m metre 
A = the cross sectional area of the tape or wire la 
square centimeter 

E *=a the modulus of elasticitj of the tope or wire 


The value of E for steel may be taken as -1 XlO^kgpersq 
cm and that for invar 15 4 xlO* kg per sq cm For 
very precise work its v alue must be ascertaine I The sign of the 
correction is alw aj s plus as the effect of the pull is to increase the 
length of the tape ind consequentl) to dccre'ise ihe measuTcd 
length of the base 


Correction for Sag — (Fig ICl) tVhen a tape is stretched 
over points of support it takes the form of a catenary In 
practice however the curve of the tape is assumed to be a 
paraboH The correction for sag is the difference m length between 
the arc and its chord le the dilFercnce between the curved 
length of the tipe and the distance between the supports 
It IS required onlv when the tape is suspended during measure- 
ment Since the effect of the sag on the tape is to make 
the measured length too large this correction, is alvra.ys subiradioe 
It IS given by the formula 

IM)* 
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to wh.ch C, = ,he correction for a amgle apan, ,a metre 
1 - the disWe between supports, in metre. 

^ = the weight of the tape m kg per metre, 
t' — the applied puU, m kg 

t.o„ lXeZ;,Ti:^,r 

C', = _ /(aZ)s 

24P* 24Pi ~^n*p* ” •' 

pa and 

Total to the measured length (L) is : 

S correction = N x sag correction per tape length 4- 
sag correction for any fractionaJ 



The formula for thA 
•“PPOrts ma; be derived os fXws'”" 

Referrmg to Tig I64, ^ deflection or dip at the 




ddl *** 

trtwren »upportrand^S*3” '‘’''“e'' '>■' ‘“pe laidmv 

"1= side of ihi. r ® of lie eatemal forces on 

section about one support, we Bet 

'1 _=ol.’ W/.S 

4 8 gp 

he difference m length between the arc and chord of 
^ parabola (1. c. when ® « small) is very nearly equal 
8 x* * 

to 3^ Sag correction = ^ V= 

Sli \8P/ 24 P* ' 
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Normal Tension — The normal tension of a tape is a ten- 
sion which will cause the effects of pull and sag to neutralise 
each other The corrections for pull and sag being of opposite 
sign, the elongation due to increase m tension is exactly counter- 
balanced by the shortening due to sag It may be obtamed 
by equating the corrections for puU and sag Thus, we have 

or tP.-P,)P.«= 

2iP„> 24 

„ 0 204WVAE 

P. = (*c) 


AE 


in which P, = the normal tension in kg 

W =3 the weight of tape between supports, m kg. 

The value of P» may be detennmed by trial or by the use 
of the slide rule To use the slide rule set the cursor to N on 
the D scale, where In is the numerator of the right hand member 
of the equation (4c) Move the sbde until by mspection F«« — 
on the tight B scale is at the cursor, when the index of the C scale 
u at Fn on the D scale 

Correction for Slope or Vertical Alignment — Thiscorrec 
tion IS required when the points of support are not exactly at 
the same level 

Let 1, etc a® the successive lengths of uniform grades 
h, A, etc =s the differences of elevation belneen the 
extremities of each of these grades 
Cy = the total correction for slope 

If f IS the length of any one grade, and h the difference of 
deration between the ends of the grade {Fig 165) 



Fig 165 

’Coe slope correction — * — Vi*~ 
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When the grades are of unJorm length I, ne have 
= ~ (til* + hi* + -i_ t ii S/i* , 


(-«) (ib) 


lenvth^^'^Tf alwajs subtracts e from the measured 

iZt r “ "“■* “f '"‘■'“I a»5>« 

( plus or mmus angles), the follo^g formnla may be used 
The eorreetion for slope = / _ 1 coss = 1 a ersm 9 


— 21 sin* _ ( -or ) (B) 

.nevh.eh^_the length of the seetion" 

« — the grade ( or the angle of slope ) of the section. 
Correction tor Horizontal Alignment -(Fig I 6 S) 

^ r 


fig 166 

line Ijiif ^ contmuoui stratglit 

»memtV ‘■“""■'’i "ecessmy to delate it due to 

taro sections ' 4 S' fn"'"”* 1' “ «>en called a iroitni to The 
ed thp Ip tu exterior angle P being measu> 


b* = a*+<;*+ 2ac cos/J (7J 

^ length of the broken base AC 

‘ — t, of the section AB 

® BC 

P = the extenor angle at B 


given by ‘correction (Ch) for horizontal alignment u 


CB=(a+e)_t 


OtODETlC SURVZYINO 


383 


Adding 2af to both sides of equation (7), we gel 
the 4 - c* — 4* « 2flc — Sac cos p 
or (fl + c )* — A- = 2a« (1 — cos fi) 


iac (1 — cos /J) iac sin* | p 

(a + «) + 4 {<* + c) + ^ 


2 (« + 0 

in ^\hjch p 13 expressed in minutes 


(-pe) 


, acp* sin* l' 

= a 4- ( — — 

2 (a + c) 


( 8 ) 

( 9 ) 


If A and C are mutually visible, the angles CAB (dj) 
and BCA (^j) should be measured The length AC (4) may 
then be determined from 


b ra Ml cos 4*1 4- BC cos 4* = c cos 4] + a cos4} ( 10 ) 

and C® =s (c (1 — cos 4i) 4 a(l— cos#*)} {~ie) (11) 


Reduction to Mean Sea Level — In geodetic work all 
horizontal distances are reduced to their equivalent distances at 
mean seadesel called the geodetic distances If the length of 
the base be reduced to its equivalent length at mean sea-level, 
the computed lengths of all other lines of the tnangulation 
system will correspond to this level The mean elevation of 
the base must, therefore, be ascertained This correction is 
required for comparison of the various bases 

The correction im given bv the formula 

= (-If) (12) 

where Cpwi — the correction to the length L 

L == the measured length of the base. 
h =the average height ofthe base above mean sea-levcl 
R = the mean radius of the earth 
It may be derived as follows . Let 1 be the length of the 
base reduced to mean sea level (Fig 167). Then 



384 


•UBTETING AKD 


wnuiKo 



L n + 4~C* + 4) ‘=C’-^)- 

IS always very small as compared with R, 


^ = Whence. = 

«• th.‘ th-t ar. m„su,d 

not affected by the dia^renT angles and an 

^ y tne differeitce of elevation of those stations. 

indmduaUv°tmm ir*"’"*’ ''"5' *“>“• “ay be calculated 

added algebrl'eSl, *'■' ">» 

applied to the mens a i ***' correction which, when 
easured length, gives tbe true length of the base. 

be Directly Measur ^nation of a Straight Ease which cannot 
a straight base cann'!,'r '"“'‘‘“'a happens that a portion cl 
he directly measured due to an intervening 



procedure^/beldVtS*°in ^ 

y DC adopted. In Fig. i68, let AB (a) and CD (6) 
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be the portions of the base which are measured directly, and 
BC (x) the portion which cannot be measured directly Select a 
suitable station P and measure the angles APB, BPC, and CPD, 
and denote them by Sj flj and respectivelj 

Then from the A APC, CP AC 

sin (flj -1- 9a) 

„ , APB BP = AB ^ ^ 

sm $i 


CP AC sm fli (a 4- ic) sm 9 

^ “ AB sm (01+ 

Similarlj, from the triangles CPD and BPD, 

CP b sm (02+ 03) 

BP (6 + X ) sm 03 

Whence ( a +x) sm 0t _ 6 sm (0 «+ 0,) 

’ a sm (01 + 02) (6 + a-) sm 0, 

o6sm(9,- 9,)sm(9,+ 9,) 

or (a + x) (6 + x) 

' sm 01 sm 05 


0i + 0,)sin(02--0, ) /a _ 

stn 01 sm 0, \ 2 / J ^ ^ 


Examples on Base Line Measurement 

Example 1 — A tape 30 m long of standard length at 
29® C was used to measure a line the mean temperature durmg 
measurement being lo®C The measured distance was 221 C5 ra, 
the following being the slopes 

1® 10 for 60 m 1" 30 for 30 m 

2® 20 for 30 m 3® 48 for 30 m 

5® 18 for 30 m 7® 20 for 18 m 

4® 40 for 12 m 1® 20 for 11 65 m 

Fmd the true length of the line, if the coefficient of expan 
Sion IS 116 X 10 ’ per 1' C 

Correction for temperature = L x diff. in temp X coeffi* 
cient of e\pansion 
s L n-13 
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Here L — 221 65 , diff in temp = 15* — 29* = — 14* and 
coeff of expansion « 116 x 10“^ 

Correction for temperature 

= 221 65 X (—14) X 116 X 10“» 

= 0 036 in (— ve) 

This IS subtractive, since the mean temperature at the 
tune of measurement IS below that at which the tape ■was standard 
Correction for slope =1(1 — cos 6 ) ( — ve) 


Cl for 

60 m = 

60 (1 

— cos 1* 10 ; = 

012 ni 

Cs for 

80 m = 

30 (1 

— COS 1* 30 ) = 

009 m 

C* for 

aom =» 

30 (1 

— cos 2 * 20 ) = 

024 m 

C 4 

for 

30 m = 

30 (1 

— cos 3* 48 ) = 

060 m 

c* 

for 

30 m ss 

30 (I 

— cos 5* 18 ) =5 

129 m 

c. 

for 

18 m = 

16 (1 

— cos 7® 20 ) =5 

033 m 

Ct 

for 

12 m « 

12 (1 

— COS 4* 40 ) = 

039 m 

c, 

for 

ll 65 = 

11 65 (1 

— cos 1 * 20) = 

003 m 


Total a. 0 809 m ( -ve) 
True len^b of the line — 221 65 — 036 — 0 809 
«= 221 805 m 


Example 2 — Calculate the sag correction for a 100 m tape 
WeigbiDg 1 kg under a pull of 10 kg in tbreel equal spans of 


100 

100 


kg per m length 
n; P =s 10 kg 

24 X io* 


2TX24X600 

Correction for a 100 m tape *=8x 0 00154 = 0 00462 m 
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Example 3 — A steel tape 30 m long, standardized at 10° C 
^ntb a pull of 10 Kg was used for measuring a base line Find the 
correction per tape length, if the temperature at the time of 
measurement was 20* C and the pull applied was 15Kg Wt. of 
I cubic cm of steel = 8 grammes W t of tape = 600 grammes 

E = 21 X 10* kg per sq cm Coeff of expansion of tape 
per 1“ C = 12 X 10“* 

(1) Correction for pull (Cjj) = ^ 

P = 15kg, Po=10kg, L=30m 

E = 21 X 10* kg / cm*, Wt of 30 m tape = 600 grammes. 
If A IS the area of the cross section of the tape m sq cm. 

A X 30 X 100 X 8 ea 600 A «=» => -i- sq cm 

30X 100X5 40 

.. Cp« 5_2<_30 ^ Q QQ29 m(+%e) 

'_X 21 X 10* 

40 

(2) Correction for temperature (Ci)= •< (Tb, — T*) L 
Difference m temperature = 20*— 10*— 10* C 

X « 12 X 10 «, L = 30m 

C, «12 X 10 * X 10 X 30 = 0 0036 m ( +ve) 

(3) Correction for sag(C,)= — = ^ 

24P 24 X IS* 

= 0 002 m ( — \e) 

Total correction to be applied =0 0029 +0 0036—0 002 
= 0 0045 m (-1- ve) 

Example 4 — A steel tape is 30 m long at a temperature 
of 15* C nhen Ijing horizontally on the ground Its sectional 
area is 0 08 sq cm it weight 1 8 kg and the coeff of expansion 
ll-X 10~* per 1* C The tape is stretched over three supports 
which are at the same lea el and at equal intervals Calculate 
the actual length between the end graduations under the following 
conditins Temperature = 25* C , Pull « 18 kg 
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Here L = 30m; T„= 25 -C; T, = 15- C; p = is ).„ 

Po — 0 kg ; «< =S 117 X 10-'. ^ 

(a) Correction for temp = .< Tj) L 

= 117 X 10"' X 10 X 30 
= 0 00351 m (+ve) 

(b) Correction for pull = ^ ~ ^d) L 

AE 

_ 18 X SO 

0 008 X 2f X 105 
— 0 0032 m. ( + ve). 

(c) Correction tor sae = , 

^9 •! — 15 m 

iXl5(0 9)* 

. . Actual length of tape = so + 0 00351 + 0 0032 - 0 0031 
* 30 00361 m 

not greater than^ii^ fo^oA length of a base line is usually 

a favourable site for a l' ^ possible to secure 

conditioned trianglet means of well- 

AB. Let C be A “ required to prolong a base line 

C be the enlremitj „f ,he base when prolonged 



nre c‘le.rlvtll'“J‘°” ^ “ '“her side of AB so that they 

y isible from A and B and form well shaped Inangles 
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(ii) With the theodolite Centred over the station A or B, 
fix the station C accurately m the Ime AB prolonged such that 
E and F are both clearly visible from it and the triangles ACE and 
ACF formed by it are well-conditioned 

(ill) Set up the instrument at each of the stations A, B, 
C, E, and F, and measure the angles of each of the triangles 
ABE. ABF, BCE, BCF, ACE, and ACF. 

From the data thus obtained, compute the length of BC. 
In the triangle \BE, the three angles, and the side AB are knon n. 
Tlie sides AE and BE may, therefore, be computed by tlie applica- 
tion of the sine rule SimilarK, from the triangle ABF, the 
sides AF and BF can be c.alculated Knowing BE and the three 
angles of the triangle BCE, BC may be computed Similarly, 
BC maj be computed from tlie triangle BCF. Thus ue get two 
values for BC. Two more values for BC may be obtained by 
solving the triangles .\CE and ACF, BC being equal to AC — AB. 
The mean oI tliese four values gives the required value of BC. 
By repenting the ahov e process, the base may be further prolonged 
to D. 

This methovl may also be used to check the accuracy of the 
measurements of the sections of a b.ase line Suppose the base 
line is divided into sections. AB, BC, and CD .Assuming the 
measured length of AB to be correct, four values for BC may 
be determined bv the repeated application of the sine rule 
from the triangles ABE, ABF, BCE, 
BCF, .ACE, and ACF, their mean 
being adoptevl as the computed value 
of BC This ^alue when compared 
with the measured length of BC 
cliccks the accurac} of the measure- 
ments of both AB and BC. Similar 
procedure may be followed to check 
the measurement of CD. 

Anoth*T and more common method 
of ext^'iision of a base is shown in Fig. 
170 In this method the base is gra- 
dually enlarged through the medium 
of well proportioned triangles. The 
Fig ITO basc.AB IS expanded to CD by selecting 
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^D, ACD, .„d BCD, t.„ ^ Z"’'" 

FCD b. sd.ctal"t.,:,f;,’’' ‘''= ECD „d 

EF no,v becomes"a new base'vhrff ™ 

Tbe pe_ „e3t eSLted^ 


PROBLEMS 

‘ - «r'rd',”;r.s°” " -i * 

height of the ecaffold at 4 if (► T* Caleulate the eppronnate 
- H n. > 

' r°.r t*"- **’"’'"■ 

laterreMggroaodmybia^tJtT^*^'’**'"® “ ^ 

^>«effluae themimniM heiSTofti.-*'*^^ omform eleTstjoaofTSm. 

ttehaeof «^ht mar »o^l. I V ^ ‘hat 

gronad ^ ^ **** *han 2 a abore the euriaoc of 

T»o stat.oai 4 sad B are «rt i™ ^ 

at A iseOraaboreM S I, Tf of an lo^nmieat 

Compote the mimmunj eJeratio™ !“ 
the coefficient of refraction isO 03 ** ® 

63 0 hm *he mean radius of the earth is 

Tteeleret„„of,, (AeJ. !E> ». ) 

-iwrt .re raped, „,e ^ 

the Jine of '®hni from A, whjehis Ltely to obstruct 

t>ad the hei»ht retnire^r B are intemsiWe.and if not, 

' «»r C by Ibeaeaffold at B so that the bne of sight may 

It B Ju 9 °^ *“ '*«'■ C by 5 92 in Height of scaffold 

»3p<^r^era'ho^^th!!°“*^‘‘““ ■*“**^Darei20 km apart and thor 
^‘■°“’®bove meanaea fcrel .re2S2m andllOSm. The 
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altitudes of two peaks B and C on b^^Mn^keni are reepectiTely 

375 ra and 640 tn and the distances ABand AC are 47 Lm and S3 km 
respectirely Find whether the stations A and D arc intemsihle If not, 
compote the height of the scaffold at D la order that the lice of sight 
may clear the obstacle by 3 m taking A as a ground station 
(Ans The line of sight clears C, but fails to clear B by 3 m Height of 
scaffold at B aa 8 7 m) 

6 Two station*) A and Bi are 1 10 km apart , the top of the scaffold atAia 
24 m above mean sea level and the height of the ground at B is 750 m 
above the <ame datum Thehigbestiaterveningpointisat C,50km from 
B, at a height of 155 m above mean sea leve* Ascertain if A aud B are 
• Dlemsible.and if necessary, determineasoitable height for the scaffoldat 
Bin order that the line of sight may clear the point CbySm 

( Ans 11 m). 


7 What ismeantby a Satellite station ” t Ezplaistbe reasonsfornung it 
donng a trigonometrical survey Directions were observed from a satellite 
station, 68 m from station C, with the following results 

A, 0’ 0 0* . B. 71» 54 32* 25 , C, 296* 12 00' 

The app'osimate lengths of AC and BC are respectively ] S024 m and 
23761 m Compute the angle subtended at station C 

( Ans 71* 49 46* 22.) 

8 What IS meant by a satellite station and reducticn to centre 7 State the 
reasons for using a satellite station in a tnangulation survey 

Derive the formula used for redociog the angles measured at satellite 
stations to centre 

9 What IS meant by eccentricity of sign-tl 1 How would you correct the 
observations when made upon an ecceotno signal 7 

From an eccentric station E> 24 24 m from C. the following angles 
were measured to three tnangnlation stations A, B, and C. the stations 
B and E being on opposite sides of AC 

AEB = 62’ 32 40'. AEC = 78* 24' 30* 

The approximate lengths of AC and BC were 470o 5 m and 569o 8 m 
tespeclivelj Find the angle ACB 

{ Ans. 62’ 46 0* 94 ) 

10 Directions were observed from a satellite station D. 63 o m from ita> 
tion B and the following results were obtained 

A. 0’ 0 0* . C, 69* 14' 24' . B. 103* 26 49'. 

The approximate lengths of AB and BC were respectively 6771 4 n» 
and 11017 $ m Determine the angle ABC. 

( Ans 69* 24 3C**69 ) 

11. From a satellite station P, 12 m from A, the followiag angles were 
measured APB. 60* 24' IS'.BPC, SO* 12 24*. CPD, 74* 32 48' , DPE. 
93* 16' 36* The approximate distaooes from A to stations B,C,D, aud E 
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verea3fo^-’w^s AB=l7^n> AC»24I6 m. AD = ?^38 m, AE=I99’ ca 
Bedoce the mea«ar«d aorlej ta centre (Fi» 153) 

^Taking P3Ju the rnendian. find the beanngs PE 

WotV. oat the coneMions ta theumal fnifinetl 
(\tn EtC=S0’0 o3* 37S.CVD=T4*27' 17* O’T, DAE^OS’ 15'4'91 ) 
12, A cbarcb «pireP sighted from th'ee tnangnlalJM aiatioas A, B, and 
C, and the foUae-iag aog'^ srece recorded , BAP CO’ 3d' 4S* 
PBA = Td’ 4S dt',CBP=e3’ 22 36', PCB = 4-1’ 43 50*. 
ThelensthsofABard BO were 7^73 Sm and 123.- 5 in reipeetiTclj- 
Ffo-n a satellite station D, 6i m from P and inside aozle APB, the 
angles obserred to A, B, and C were as foUowa 

PDA*US" 10* 6*. \DB=46’ SG' 33*. BDC = 6*“ 5' 21*. 
Compnte the angles APB and BPC 

{Ans APC«46’ 23 47* 46. jlPC- 65’ 53'34' 43 ) 
13 Directions were obserred from a a eijn- <ta(ioa P, J "5 « fto® sfatioa 
A and the following resniti were obt< reJ 

Station Observed d,fe-tiox Dutanc* to tti from A 

A Ip O’ 

B 33’ 43 215^1 

C tth’’ S' 1391 

D 'A. 12 -’2" 

E 3.’4 6 2522 

Corteet the observed directioai to those which would bate beeaiaeaeaKd 
if the transit had been eet op at etatioa A 

(aas 33’ 30 41* 61. 102’ 40 32' I2.is6’ 7 53' *>1 ,324*8' 43* 1) 
14. State, in detail, what precaatioos you woold take t® measnnng a loaf 
base line with extreme accuracr by ineaas ef a ele*^ hop* 
describe how you would conduct the field operations. 

A line, 3 km long, is raeasared witba tape of leUg^li whichis 

'tandard under no poll at 12* C The tape in section w 4 am wide 
by 4 am thick If the line is measured at a temperatcre of IS C 
and the tape u stretched with a pull of 9 kg and |4 supported at every 

^ m of Its length, find the length of the line corrected for (a) poll. W 

temperature, and (c>sag CoeSeienA of expansion « 115x10 ^ weight of 
1 cubic cm of Steels. S graiimes, E o 21 X 10’ k^ P*^ square cm 

/■Jins. 2 km 0 4111® ) 

l.> \t bat arc the correetioiis that most be applied to f5e measurement of 
the length of a base hn 2 

A tape 100 m long was of standard length under a ^ 

It was then used in catenarv, lo three equal spaa* of 
measure a level line which was found to measure 3l00 m. Caleolat* t^* 
true length of the line front the foDowing data 
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Poll on tapes* 10 k-* , SectJoa o*tap“— 5 tnm X 1 mm 
Weight of tape per cubic cm of st^ls” “ gms 
^^ean temperature during the field rieajimements = 20' C 
Coefficient of cipan«ioa = 0 0000113. E='ly 10® a-' per square cm 

(Ans 3400 m 0 O3o7 m) 

16 What 13 meant by ba'e net ' Explain bow ron vroiild extend a ba>e hoe ’ 
A line IS mea'ured with a tape 100 in length which is standard at 
la'C, when supported thr u^hout tinder a puU of 1 k” The area of the 
tape 13 0 022 sq cm and it> weight is 1 6 kg The temperature 
at the time of measirement i 3 C acl th» pull onthe tape is 9 
kg th"- ttoe being sappjrteQ rer w utermechate supports making 
three cqualspans The recorded e '•h of the line is b"l ra Find the 
correct length of the line fifi cie.,t of expansion = 110 10 

E = 20 2 X 10' kg per 'tj c-i 

(Aa, S7l 159 m ) 

n What are the pnacipal objea* to be kent in newmseleetingthe gro un d 
for a base boe in a large s\i e ' '■n'lnier-A'e in sequence the operattoss 
ne essarr before the n>ea3.itemcu of be la<e hoe commences £t&tethe 
correct ons to be apphed in ba-e u-e oca urements 
Explain how yon wo^d prof ng a ten ba<e line 

18 Explain m h 'ketebo-* how r j w l extend a eitea ba«e bae and check 
the measurement of »• segtr ecu br triao-mlation Oire a bst of correc 
tioos to be applied lo ba<e lice mca iireme.>U 

A ba«e line 2 A km long wa» neam ed with a tap* of length 100 m 
This tope was su'peoded 10 tjree equal spans to measure the line 
The tape was stretched wi h a pul. 01 11 ce The tape was standard 
und-r a poll of * ok at 14 C Tie c*os>.«ectioaal area of the tape was 

0 OSS sqcm and the mean temperature during the field measuremems 
was 26’ C Find the correct lenztb ot the ba ebne giren that the cceS 
Cleat of espamios = 0 000011" E = lx 10* kg per sq cm and 
weight of the tape " I kp 

(Ans. “'400 127 m) 

19 A hue was measured on a ‘lope with a 30 m rteel tape and its length was 
found to be 217 4" m The true length of the tape was 30 00" m at 2o'C 
The temreiature at the taue of ipeasoTeaient was 12' C and the foLowiag 
slopes were observed 

i'tO'forjOm 1'30'fortOm 3* 2l fo* 60 m , 1' for " 47 m The 
coefficieiil of expansion wa« 11 x 10 - pet I'A Compute the true length 
ot the line assunung the tape to be «op{w led uniformly throc-hcrat 
Is length 

1 CcretUon for stndanlixatien =4-0 OoO" m, correction for tempera 
lu-c • - n 0331 m correction fo* slope »• - 0 2203 jn ] 

(Ans.217 2 j- m ) 
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20. iSOni Bt«ltapewasstaiidaidiiedontheflatand'<raBJaQiid tol«ejart5y 
30 m nudera poll of 7 kg at 17* C. It was used in catenary to measnre 
a base of 5 bays Tbe terapeiatnie dniiBg tbc meastiieiiierit irss 30® C snd 
the pnD exerted donog the measurement vas the same aa that under 
which the tape was standardued The stippCFits, of the tape were 0 45 
0 695, *850, 0 390. 0 445 m abore the first support. The weight of 
the tape was 1'3 hg and the eoeffieie&t of expansion 110x10“^ pet 
1® C. Find the true length of (he hare 

(Correction for temperature = -•- 0 0215 m. cotection for sag 
—01837m; oorrection for »Iope=— 0 0326 m) 

(Am. 149 8032 m). 

21. A portion ofastraight baseline hetireea Band Ccamjot be directly measured 

dne to some interrening obstroctioQ. To detcnmne its length, two suii 
liary points A and D are taken on the base on either side of BC sod a 
theodolite 13 set npata point P on the right side oftbeba*eline The angles 
APB.BPC, and CPD are measured and found to be 20®60' 25' 140' 15' 20', 
and 23® 32 10' respectively Compute the length of BC, if the corrected 
lengths of AB and CD are 4ll o2 m and 549 So m respeetiTcly 

(Ans 583 88 m) 

22 A b ise was deflected from the hue proper at station A and the measured 

length of the deflected section \C was found to be 900 m It was ogaa 
deflected at C at an angle of 3* 15' eo as to reach the onpnal direetwa 
of the base at B. The measured length of CB was 1099 6 m 
The cape IMni long was staudaedited on the flat and was correct 

uAder a pull of Ci kg at lo® c The mean temperature dunogmeasoremrat 

was 27’ C The tape was used id catenary, to three equal span* 
during racaiurement and was stretched witha puUof 12 kg Thess^ 
port* of the tape were at thesame level The sectional area of the tape was 
0 OJosq c-n and the weight of one cubic cm of steel 7 3 gm Compotetie 
length of the broxea base AB E = 16xl0®k5 per sq cm . coeffinene of 
expansion =117 x 10-'*. 

[ Correc ed leng h of AC = 900 Q49Q m , corrected length of CB = 
1099 oUOo m ] 

(Ans 1998 7637 n.) 


+ •*• + 



CHAPTER VIII 


TRIANGULATION ADJUSTMENT 


Definitions — Tlie obsened quantities mav be classified as 
(i) independent and (u) conditioned 

(i) Independent Quantitj — A. quantity is eal'ed mdepen* 
dent ^\hcn its %alue is independent of the lalues of an\ other 
quantities so that chanffe in one docs not affect the n alucs of 
others No jiecessar\ relation exists bcti ecn the independent 
quantities, e g the reduced le\els of several bench matks. 

(n) Conditioned Quantitj —A quantitj is said to be con* 
ditioncd when its value is dependent upon the values of one or 
more qu mtities on account of some necessnrv relation between 
them If one is varied the values of other quantities are neecs- 
saril} affected It is also called a dependent quantitv, e g the 
angles ro md a station the rehtion between the various obserred 
angles bcin" tli u h i •> >m , is ^^0® or the 'merles of a phne 
triangle the cmditun i tint the sum of the three angles 
is equal lo lt.0 In tl is case anv twoangUs mav be regarded 
as independent and tic third as dependent or tonrtitioncd 

(ill) Observation — \n observ ation is the numcrjcdl value 
of a measured qumtilv 

(iv) Direct Observation — An observation is said to be 
direct when it is made nirectlv upen a quantitv whose value 
IS desired, e g a single measurement of an angle 

(v) Indirect Observation — \n observation is called mdi- 
lect when made upon some function of quantities whose values 
ate to be determined, e g measurement of a summation angle 
for total sum of the individual angles measuremcn*" of an angle 
bj repetition 

(vi) Weight of an Observation . — "W eight of an observa- 
tion IS a number indicating (a measure of) its relative worth or 
trustworthiness Thus if a certam observation is of weight 4, it 
means that it is four tunes as much as an observation of weight 1. 
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(vii) \\eighted Observat ons — Observations are called 
weighted when difTerent weights are assigned to tliem ^Vhen 
observations are made with unequal care and under dissimilar 
conditions thev are required to be weighted hen made with 
the same care and under similar conditions thev are called 
observations of equal weight (or equal precision) Heights 
are assigned to the observations in direct proportion to the 
number of observations in the case of an angle Sometimes thev 
are arbitrarilv assigned 

(tiu) Observed Value of aOunotity — The observ ed value 
of a quantity is the value obtained as a result of an observation 
after applj in^ the corrections for all known errors 

(ix) True t alue of a Ouantitj — The true value of a 
quantitv is the v alue which is absolutely free from all errors. 
It can never be ascertained 

(\) Most Probable talue of a Quantity —The most 
probable \ aluc of a quantitv is the value which vs mote likely 
to be the true value than anv other value It is deduced from 
the several measurements on which it is based 

(xi) A True Error — \ true error is the diflerence between 
the true value of a quantitv and its observed value 

(xii) A Residual Error — •I residual error (or residual) 

1 the difference between the roost probable value of a quantity 
and Its observed value 

(xiu) Observation Equation — observation equation is 
au equation expressing the observ ed quantity and its muacncal 
value 

(\iv) Reduced Observation Equation — \ reduced observa 
tion equation ii an equation obtained bv substitution of the 
assumed V nines of quantities m the ongmal observation equa 
tion The assumed value of a quantitv is usuallv taken as its 
observed value plus a correction 

(xv) Conditional Equation — A conditional equation is 
m equation expressing the relation existing betw een the sei eral 
dependent quantities 

(xvi) Normal Equation — A normal equation is an equation 
of condition by means of which the most probable value o 
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anj unknown quantity may be detennined corresponding to a set 
of values assigned to the other unknown quantities Normal 
equations must, therefore be formed for each of the un- 
knowns to determine their values 


Laws of Weights 


The following laws of weights are established by the method 
of least squares 

(1) The weight of the arithmetic mean of observations 
of unit weight is equal to tlie number of observations 

(2) The weight of the weighted atithmetic mcTii is equal 
to the sum of the indiMihial weights 

(3) If tw 0 or more qiianti*ies arc added algebraically, the 
weight of the result is equal to the reciprocal of the sum of the 
reciprocals of the mdnidual weights 

eg < * 42* R 10* weight 4 
/J ss 22* 4 0' weights 


ll eight of 


«< 


/» («64*12 
-A (*20* 4 


1C*)« 


(i+*) 


1 


4 ')« 


4 

5 
4 



(4) If a quaiititi is multiplied by a factor the weight of 
the product is equal to the weight of that quantity divided by 
the square of that factor 

eg K = 42* 10 5' weight 4 

Height of 3 «< (= 126* 30 15') = _! =:i * 

3* 0 

(5) If a quantits i» dnided b\ a factor, the weight of the 
result equals the weight of that quantity multiplied by the 
square of that factor 

eg < = 141* 24 39' weight 3 


Height of 


3 


( = 4‘* 8 


13') =» 3 X 3* »= 27 


(6) If on equation is multiplied by its oivn weight, the 
weight of the resultmg equation is equal to the reciprocal 
of the weight of the equation 
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eg A + B = 120® 39' 42' weight | 

Weight of I ( A + B ) { = 80“ 26' 28' ) =* f 

(7) The weight of an equation remains unchanged, if all 
the signs of the equation arc changed or if the equation is 
added to or subtracted fr<»n a constant 

e.g A + B = 148® 20 48' weight S 2 

Weight of ISO® - (A + B) { = 31“ 89 12' ) =8-2 

The following rules mav be employed in the adjustment 
of the field observations 

(1) W’eights \arv directli as the number of observations 
m the case of angles and in\ ersely as the lengths of the various 
routes in the case of lines of lesels 

(2) eights are mi ersely proportional to the squares of 
the corresponduig probable errors if the angles are measured 
a large number o) tunes 

(8) Corrections to be applied are in inverse proportion to 
the tv eights 

The 3tQst Probable Values of Quantities 

The Method oi Least Squares — Bj the method of least 
squares ive determine (1) the most probable values of the observed 
quantities and (2) the precision of the observations tn 1 of the 
adjusted results The fimdamentat print iplc of the method 
m'VN be “vtated as ffvtt v 

In observations equal precision the mo t probable 
values of the observed quantities are those that ren ler the sura 
of the squares of the residual errors a minimuTn ’ 

On account of this principle the method is known as the 
method f least squares 

1 Direct Observations of Equal Weight (or Preasion) - 
Let Z be the most probible value of a quantity , etc 

the observed values of tlie quantity , and n the number of 
observ vtions taken. 

Then the residual errors tj, r, etc are Z — Mj, Z — 

Now i' 2*+C2*4- 4-rB* mumnum 

or (Z -5I,)>+ + (Z-5I»)'= a miauoum. 
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Differentiating the equation we have 

(Z _ All) + {Z - Mj) + +(Z _M„) =0 

Hence Z = ( 1 ) 

n 

The rule may, therefore be stated as follows 
The most probable value of the observed quantity is equal 
to the arithmetic mean of the observed values 

The weight of the arithmetic mean is equal to the number 
of observations = n 

2 Direct Observations of Unequal weight (or Presi- 
s!on) — IVlien the observations are weighted (i e have different 
weights) the general principle may be stated as follows 

In observations of unequal precision the most probable 
values of the obsen ed quantities are those that render the sum 
of the weighted squares of the residual errors a minimum 

Let the observed values Mj Mj etc have the weights 
W| tOj etc 

Then by the above principle we have 

+ + n’ni-n* — a minimum 

or iCi{Z + i {Z— AIj)*-*- + =a a minimum 
Equating the first dc ivative to zero we get 
ill (Z - Ml) ^ u (Z - AI ) + + tt„ (Z - AI„) = 0 

_ iCjM -ri M + it,M» 

/j = (2) 

“■i + “'s + -^ “>l 

The rule maj therefore be stated ns follows 
The most probable v nlue of the observ ed quantitj is equal 
to the weighted arithmetie mean of the observ ed v alues 

The weight of the weigl ted antlimetic mean is equal to the 
sum of the mdiv idual weigl Is = Uj + tc, + tTa + -f =3 

Indirect Obsersations on Independent Quantities 

In the case of indirectly observed quantities the mo»s 
probable values of the unknowns may be found by the method 
of I ormal equal on 
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A normal equation is an equation of condition by means of 
wbicb we determine the most probable \ alue of any one unknown 
quantity correspondmg to any particular set of values given 
to the remaming unknown quantities 

The normal equations must, therefore, be formed for each 
of the unknown quantities from their observation equations 
The solution of these normal equations will give the most probable 
values of the unknowns 

Case 1 Indirect Observations of Equal Weight — 
Rule for forming a normal equation — 

“ To form a normal equation for each of tb® unknown quan* 
titles multiplj each observation equation by the algebraic 
coefficient of that unknown quantitv in that equation, and add 
the results 

Check on the formation of normal equations — ^Ihe coeffi 
cients of the unknown quantities m the first column are the 
same as those m the first row in iclue sign and order The 
same is true for each of the successive columns and rows 

Example Fmd the most probable value of the angle i 
from the followmg observation equations 

k = 40® 20 12' 2A 80® 40 20' 6k* 242' 1 6* 

To form the normal equation in k multiply the first equation 
by 1 the second by 2 and the third bv C 
Then A « 40® 20 12' 

4A == 101 20 40 
36 A = 1452 0 36 

41 A = 1653® 47 2S' normal equation in A 
A = 40®20 10' 9 

Case II Indirect Observations of Unequal Weight 
Rule for forming the normal equation — 

To form the normal equation for each of the unknown 

quantities multipl> each observation equation by the product of 

the algebraic coefficient of that unknown quantity in that 
equation and the weight of that observation and add the results 



TElAVGULiTIOV ADJUSTMENT 


401 


The check od the formation of the normal equations is the 
same as m Case I 

Example — Fmd the most probable value of the angle A 
from the follo^^mig obscnation equations 

2A = 20° 12 20’ 4 weight 2 4A = 40’ 24 42' n eight 3 

Now to form the normal equation for A raultiplj the first 
equation by 4 ( = 2 X 2) and the second equation bj 12 ( = 4 x3) 

Then 8A = 80’ 40 21' C 
48A = 484 5C 24 

56A = 565 4o 45 6 normal equation for 4 
A = 10’ 6 10' 4C 

The most probable value of the angle A — ll>® 6 10' 46 
Conditioned Quantities 

Inthe case of the conditioned quantities there are one or more 
conditional equations m addition to the obsenstion equations 
The number of mdependent conditional equations is always 
less than the number of unknown quantities There are tno 
methods of determining the most probable values of the unknowns 
VIZ ( 1 ) the method in which the conditional equations are avoided 
or eliminated and (21 the method m which the observation 
equations are eliminated in which case the solution is obtained 
by the method of Correlates The first method is suitable for the 
simple problems while the second one for the complicated ones 

First Method — In this method all the observation equations 
are written m terms of the independent quantities thus 
eliminating conditional equations The most probable values 
of the unknowns mav then be found by the rules for 
mdependent quantities 

Example 1 — The following are the observed values of 
4 B and C at a station the angles bemg subject to the condition 
that A-bB=C 

\ = 20’ 10 32' " B =* 40’ 32 18' 8 C = GO’ 42 a3* G 

Find the most probable values of \ B and C 

To avoid the conditional equation w e write the third observ a- 
tion equation as A + B = 60® 42 S3' 6 thus expressing all the 
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Therefore, the obserration equations are 
A = 20° 10 32' 2 
B = 40° 32 18' 8 
A-i-B = G 0 ° 42 53' 6 

state^rZet ^ >>T * 

A = 20° 10 32' 2 
■^ + B = fi0° 42 53' 6 

Sonihirly, “ ■*" b ^ZS Z 8 “ '' 

^ + B = 60^ 42 5 3» Q 

-f-B — 101 15 12* 4 ^ normal equation for B 
Solving these normal equations, we get 

-0 10 33 0 . B=4o°82 19' C7 , C=60* 42 52' ?4 

A B and probable values of the angle! 

equations ^ following observation 

i = SS- -1 36- B_52.J2 43-, C = 69" 22 4 a- 

dhioS'^rt''"' ZZ' -^ + B + C - ISO- Th,s «. 

equation mvol>,n„ c m?"*"* '’r **■' observatioi 

.ndependenXTnf.^ “ STe^of ''eT'' 't 

Iberefore the observation equations arc 
^ = 58° 21 36' ( 1 ) 

. B = 52“ 12 43* /q) 

180 -(A4-B)- 09° 22 45' 3 

A+B = 110 “ 37 15’ ( 3 ) 

staled°m la'sf™ for Aand B bj the role 

A+B“,fr"" B =52- ,2 43- 

A+ B ^ 110 or 15 

_ A+2B = 162“ 49 58- 

normal equation m A = normal equation inB 
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The normal equations are 

2A 4- B = leg" 1' 51' ... . . (4) 

A4-2B=162 40 58 .. . (5> 

Solving these simultaneous equations, we have 
A = oS® 24' S4'‘67 ; B = 52" 12' 41' 67 , 
and C =180"— (A+B) =180"— (110" 37‘16''34) =69®22'43* CG, 

Check + B + C = 58" 24' 34'-6r t 52“ 12' 41' 67 
+ 69" 22' 43'-66 = 180“, 

Example 3 —Given the following observations at a 
station 0 

AOB(A) = 87" 34' 22' eight 2, COD (C) =s 102“ 26'j9' neight 4; 
B0C(Bi « 28“ 12' 18' weight S ; DOA (D)= 71“ 17' 4' weight 1. 

Find the most probable values of A, B, C, and D. 

Here the condition is that A+B+C+D* 8C0% since the 
horizon is closed. 


Heferrmg to the observation and normal equations m the 
preceding example, ne find that the right hand members contain 
large numbers. In order to make them as small as possible, 
we introduce corrections to the obsened values and find the 
most probable values of these corrections, and then determme 
the most probable v olues of the quantities bj apph inj the correc- 
tions algebraicallj By this artifice numerical w ork is abbrev lated. 


Let Cj, Cj, and be the corrections to A, B, and C rcspcctiv ely 
so that the most probable values of A, B, and C are 
A=87“ 34' 22' + CijB =98“ 42' 18'+ c,; C = 102“ 26' 9* -r c,. 

In the fourth observation equation we substitute SCO" — 
(A + B + C) for D, thereby avoiding the conditional equation. 
Then the equation becomes 360"— (A + B + C) = 71" 17' 4'. 


Now on substituting the above values of A, B, and C m the 
giv en observ ation equations, the reduced observation equations are 


weight 2 ; 

(1) 

weight 8 ; 

(2) 

we^bt 4 ; 

(8) 

weight 1 ; 

(4) 
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Normal equation in 
2ci = 0 

4 Ca -r C 3 = 4 - 7 
■^1 4- Cj + fj = -J- 7 
Normal equation in c, 
4c8 = 0 

4- Cg + ca = q- 7 

Cl + dj -j- 5cj ^ ij. 


Normal equation m c^ 

Sdj =0 

g| -*- c, 4- c, = 4 - 7 
4- 4dg + cj = + 7 
The normal equations are 
3Cl 4- dg + ^3 == 4. 7 

Cl 4- 4dg 4- dj = 4- 7 (gj 

4-5ds=4-7 (T) 


The solution of these normol equations gives 
'1-1 OS, e, = 1- I2.C. -0--84 
Therefore, the most probable talues of A, B, and C sre 

B = nl" !*• f;’ + - SI’ 81' 28- 08 

r_TAo««". 98*42' 19'.12 

D _ + "'«*= 182’ 26' 2' 84 

D- 71 17 4 +8' 36= 71' 17' T'-SS 
orrection to D = total correetion — (c,+c,+e,) 

~'“(1 694-1 12 4-0 84) a* 8* 86 

lion tables 'thriarrerwelTht TT'*'"" *° *''' 

the case ^ least, which should be 

to A!t!''c“'andT'’“* «■' “"““oas 

to bf8o“'59°o“' K ■' fo“^ 

The total correction is, therefore, equal to + 7' 

port,™," twe?pt,;?:ui;uTe'ire 

Cj C* • Cg as J } • i • 1 or os G • 4 3 ; 12 


‘ = .-IT (7) - 1' < 




■■ l'-12 


'^ = ^(7) = 0'.81. d,=H(7}=3'-36 
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Check Cl +Cj -i-c, + 1 : 4=1 -68 +1 • 12+0 • 84 +3 • 36 =7' ■ 00 

= total correction. 


The Probable Error 


Definition • — In anj large senes of observatums the pro- 
bable error is an error of such a >alue tliat the number of errors 
numerically greater than it is the same as the number of errors 
jiuraencallv less tlian it 

Thus, if tl e probable error of an angular obscriation is 3 
•seconds, the probabilitj of the error King between the limits 
of — 3 seconds and -r 3 seconds equals the probabihti of its lying 
outside these limits 

The probable error of an obseriation is a mathematical 
quantity and gives an ab!*olulc idea of the precision of the results. 
The precision of different obscriations can also be compared 
from the knonn values of their probable errors Ihe probable 
error is alw aj s u rittcn after the observ ed quantity n ith the plus 
.find minus signs, e g 78*42 13' 24x3' 24or3252 295m±0 0039m. 
It may be remembered that the probable error is a measure of 
■the accuracy of obseriotions onl\ witli regard to accxdental errors. 

1. Direct Observations 01 Equal Weight (or Precision) — 


Is ole — Tlie probable error of an\ observ ation with weight w 
_ the probable error of an observation of unit weight 

V 10 

Tlie probable error of a smgle observ ation 

J--- 

v (n - 


= E, = 0 07 13 


(n — 1) 

where n the number of observations 

Sr* = the sum of the squares ot the residuals. 
The probable error of tlic arithmetic mean 

p _ E, / 

— t-m , — = 0 6<45 -/ 

Vm vn(n— 1 ) 


{1 


(2) 


2. Direct Observationsof Unequal Weight (or Precision) ; 
The probable error of a single observation of unit -weight 

= E;= 0-0745 

V („ _ 1) 


(3) 
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The probable error of any observatjon wb(>se Treight is w 
_ E, 

The probable error of the weighted arithmetic mean 


(1) 


= E„ 


■ VSrc ■ 


0 6745 _ 


(5) 


in which n = the number of observations 
« = the weight of an obsen ation 
Xtc =ss the sum of the weights 

Z*«J* »“ thesumoftheweighledsquacesoftheresiduals 


3 Indirect Observations on Independent Quantities — 


-E. 


*7 


Ever* 

(n-9) 


The probable error of an observation of weight ® 


E, 


V te 


(8) 

n 


in which n « the number of observation equations 
q =s the number of unknown quantities 

4 Indirect Observations Involving Cond^tfoaal Equa* 
tiOQS — The probable error of an observation 'uJ'it weight 


a L* = 0 6-45 


J 


(n-q+p) 


( 8 ) 


where « = the number of observation equations. 
q »= the number of unknown quantities 
p = the number of conditional equl^tions 




The probable error of an obsnration of weight if 


(«) 


5 Computed Quantities — 

Case I — The computed quantity is the sun^ or difrercnee 
of an observ ed quantity and a constant 
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Let X s=s the computed quantity 
tx = its probable error 
a = the observed quantity 
ta ~ its probable error 
A. = a constant 
Then x — ± a ± A 

and tx = Ca (10) 

Example — Given the most probable ^alue of A 
-= 60*20 30* ±15' 

Find the most probable value of its supplement A 
Bj the condition A + A = 180“ we lia\e 
A =180“— (60“20 30*) = 119“ 30 30' 

The probable error of \ = the probable error of A 

The most probable value of A = IIJ' SO 30'± 1 5* 

Cait II —The computed quantity is obtained by the 
product of an obsened quantity and a constant factor 
Then z = Aa 

and Cx^kea (11) 

Case III — The computed quantitv is the algebraic sum 
of two or more mdependentlj observed quantities 

a b c etc — the mdependenll} observ ed quantities 
fa ^6 fc etc — the probable errors of o 6 c etc 
Then z = ±n±h±c etc 

and tx = + etc (IJ) 

Example — Given \ — 50“ 2o 40 + 1 ' 2 
B = 35“ 1. 30' ± 1' 3 

Find the probable error of the value of the angle obtained 1 y 
-addition 

X = + B = 98“ 38 10' 

ex = •/(««)*+(?*)* = V(1 2)» +(1 3) = :FI' "692 

Angle X = 98“ 38 10' ± 1' 77 

Cfljtf IV — The computed quantity is an> function of a 
single observed quantitj 
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a- « 0 (a) 

Ay 

Then e*='<a — — — ... ... (ISV 

da 

Example : — Tind tEe roo«t probable value and the probable 
error of the area of a circle whose radius m m is 24*25 i 0*03. 
X = ffa* = ;r (24*25)* = 184S sq. m. 
dx 

— =.27:a, fa = ± 0*02 
oa 

Xow tx =s ca— =s i *02 X 2trx 24*25 = i 3*05. 
da 

; Area » 1843 i 3 05 sq m. 

Case V — The computed quantiU ts any function of tvo 
or more indepcndenth obscned quantities. 

X sa e (a, b, etc ) 



Example — Find the most probable value and the probable 
error of the area of a rectangle whose sides id m., are 150 i 0*02 
and 200 i 0 03. 

Then <i * 150 - 0 02, 5*200 — 0 03. 

X SB ss 150 X 200* 30000 sq. m. 

= 6, =fl; ea*J-0*02; e4*±0*03. 
da db ’ « - 

Now V('.|y-r(*.|)' 

* ^^(O 02~ir26b)* -f (0*03 X 150? * ± 6*02. 

.* Area * 30000 i 6-02 sq. m 

Example 1 — The following arc the direct measurements 
of a base line 

3678 32m , 3078 SSto.; 3678*09m. 

3678 29 m , 3678*26 m,; 3677*98 m. 

Find the most probable value of the length of the base line 
and Its probable error. 
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Observed 

Arithmetic 

Residual 

( Residual )" 

value ("M) 

mean (Z) 

V 

t* 

3078 32 m 

3G7S 22 m 

—0 10 

0 0100 

3078 29 m 


—0 0" 

0 0049 

3678 38 m 


— 0 16 

0 02o6 

3678 26 m 


— 0 04 

0 0016 

8678 09 m 


+ 0 13 

0 0169 

3677 98 m 


— 0 24 

0 0576 


Sum = 22069 32 m « * 6 St =0 00 Si'^0 1166 
7 = 367S 22 m 


The probable error of a smglc obacrs ation 

/o 1166 

= 0 6745 J = i 0 103 

V (6-1) 

Tlve probable error of tlie anthmetic mean 
Ej 0 103 


* V n Vo 


_ ± 0 012 m 


Hence the most probable \alue of the length of the base 
line « sere 22 -t O 042 m 


Example 2 —The following are the direct obser^ ations 
of the angle B 


4o* 

17 

34' 

26 weight 2 45* 

1" 83' 

96 weight 2 

45* 

'17 

35 

82 „ S, 45 

1“ 36 

28 

» 1 

43 

17 

35 

04 , 4 45 

I" S3 

44 

» 8 

Find the probable 

error of the angle B 






Z 

V 

IT 

trc* 

IS* 17 

34 

26 

45* 17 34' 71 

+ 45 

2 

0 4050 


So 

82 


— 1 11 

3 

3 6963 


So 

04 


— 0 33 

4 

0 4356 


83 

96 


-b 0 7 j 

2 

1 1250 


36 

28 


— 1 57 

1 

2 4849 



83 

44 


+ 12*' 

3 

4 5 387 


^'eightecl mean 


Z 45* 17' 34'*71 fi=5 6» 2ir=15, Sirp'=12.6655 
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The probable error of the weighted arithmetrc meat 


= i 0 6745 


/ 12 6690 

V 11(0^1) 


= i 0' 28 


Station Adjustment 


After the completion of field work of measurement of angles, 
it IS necessary to adjust the angles so as to satisfs the geometrical 
conditions insolied e g the sum of the angles around a station 
should equal 360“ or the sum of the three angles of a triangle 
should he equal to 180“ In e%en important work the en ire 
triangulation sjstem is adjusted m one operation bi the metlod 
of least squares The process bejn<» ^e^y Kbonous it » usual 
to divide the adjustment of the triangulation sistem irto two 
parts which are sepatatelj adjusted More gencrallj the angles 
of a triangle or a chain of triangles etc are adjusted under two 
heads |1) Staiion adjustment and (2) Figure adjusUnmt the 
former being m-ide prior to the latter 

(1) Station Adjustment — Station adjustment is the 
detennmation of the most probable \aluc5 of two or mote angles 
measured at a station so as to satisfy the condition of being 
geometrically consistent Me shall now consider the various 
cases of station adjustment which necessarily ins oh e one or more 
conditional equations 


Case 1 When the Horizon is Closed with Angles ol Equal 
4Veight — In Fig 171 the angles A, B and C ate measured 



Fig ni 


at a station O with equal care Since the 
horizon is closed the conditional equation 
IS A + B + C = 360® The most probable 
value of each angle maj be obtained b> 
equal distribution of the error of closure 
(i e the difference between the actual sum 
of the angles and the theoretic sum) 

Case 11 When the Horizon is Closed 
with Angles of Unequal Weight When 


the angles have been assigned different weights the discrepancy 
1 s distributed among the angles mversely as the respective weights- 
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Case in : Summation Adjustment : — (Fig 172). When 
several angles are measured at a station 
mduidually, and in combination (summa* 
tion angles), their most probable values 
are determined by the method of normal 
equations. However, if two or more 
angles, and also their sum are measured 
at a station, the following rules may be 
employed to determine their most 
probable values. 

Rule 1 : — \^'hen several angles, and also thtir sum have 
equal weights, distribute the discrepancy equally among all 
the measured angles, the sign of the correction for the summa- 
tion angle being opposite to that of the corrections for the 
individual angles 

( If the measured sum is less than the sum of indivndual 
TQeosurements, the correction for the summation angle is positive 
and that for the individual measurements negativ e, and vice versa). 

Role 2 : — When the measured angles have different weights, 
distribute the discrepancy among all the measured angles 
inverselj as their respective weights, the sign of the correction 
for the summation angle being opposite to that of the 
coEcections for the individual angles 

Example 1 ; — Find the most probable values of the angles 
•V, B, and the summation angle .V 4- B from the following 
observations . 

A = 42* 20' 30’ 4 weight 1 

B = 36* 18' 25' 2 „ 2 

A.-f-B = rs* 38' 50**3 „ 8 

The sum of the measured values of A and B=78° 38' 55**6. 
The measured value of the summation angle A -'-B = 78* 38' 50'*3, 

Discrepancy =5'*3. 

Xow this discrepancy is to be distributed in the proportion of 
1 . } : ^ 1. e. 6:3*2 

Since the summation angle is less than the sum of the angle 



Fig m 
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A and B, the correction to the s umm ation angle is positirc and 
that to the angles and B negative 

Therefore, the correction to A = ^ (5 3) = 0' 90 (— w) 

„ to B = (5 3) = I'-H (- «) 

„ to A -r B = ^^(5 3} = 0' 96 (+r() 

Hence the most probable values are 
A s» 42" 20 27' SO 

B = 36 IS 23' 76 

A -1- B = "t." SS 51' 26 

Examples — Given the following obseriotions 
A =* 45" 26 4S' 84 

B =* 52 43 24 62 

C « 48 34 22 78 

\ -r B « 93 10 12 46 

B — C as 101 1" 47 65 

Fmd the most probable values of A B, and C 
I et Cj (, and Cj be the corrections to A, B, and C 
Tlien the most probable val je of A = 43* 26 43 34 ft 
of B =52 43 24 62 -fj 

„ of C =43 34 22 78 -0 

On substituting these values in the above observatioa 
equations we get the following reduced observation equatica* 

e^ =0 

e. — 0 

e, = 0 

Cj — e, = — 0 oO 

e. -i- c, = — 0 25 
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By the rule for normal equatKms, the normal equations- 
or Cj, Ct, and Cj are 

2^1 + — 0 50 

Cj -1- 3^2 + O 3 — — 0 25 
^2 + 2 t 3 « — 0*25 
The solution of these equations gives 

Cl = — 0' 22 , C2= — O' 06 , C3= 4- 0' 16 
hence, the most probable values are 

A = 45“ 26' 48' 34 — 0' 22 = 45“ 26 48' 12 

B == 32 43 24 62 —0 06 a= 52 43 24 56 

C e 4S 34 22 7S 4- 0 16 =* 48 84 22 94 

Example 3 — Find the most probable lalnes of A B, Ind 
C from the folloning observations 

A *=82*16' 36' 2, n eight 2 , 4. -r B *=72* 31 50' 2, Height 1, 
B=s 40 16 18 4 „ 1 , A B + C=*107 44 25 5 , 2 

C *=SS 12 26 6 „ 1. 

Let Cl, C 2 , and cj be the most probable corrections to 4, 
B, and C Then the most probable lalues of A, B, and C are 
As= 32*15 80' 2+c,,B=40*lC 18' 4-i-e,. Cs=85* 1 2 26' C+c, 

Substituting these \alues in the observation equations, the 
reducoccl bservation equations may be uTitten thus 

Cj =: 0 Height 2 

Ct == 0 „ 1 

Ca “ 0 „ 1 

Cl + C2 =—44,, 1 

Cl + Cj + C 3 = + 4 3 „ 2 

From which we get the following normal equations for 


Cl. Cj, and cj 

2ei 0 

«. * ® 1 


*1 + Cj =-4 4 

2«i + 2e,+2ti =+S6j 

e,+cj =-4 4 

2ci 4-2ej+2es = + 8 6j 

! «3 ■= 0 

^ 2ei + 2ej + 2<j= +8 6 

5<i+3e,+2e, =+4 2 

3<j +4et+Sea= +4 2 

2ej + 2ej + 3fs= +8*6 

» nonm equation jn ti 

= BOimal e<iQattoa >n e j 

= n<3mal tq^atjon jn <j 
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Solving these normal equations we have 

Cj = — 0'*2J; Cg = — 0'-44 ; Cj »= -f 3'-305. 

Therefore, the most probable value of A == 32® 13' 35'-93 

„ „ „ of B = 40 16 ir -96 

„ „ „ of C = 35 12 29 91 

Example 4 . — The following angles were measured at a 

station 0 so as to close the horizon . — 

AOD («,)=* 83® 42' 28* 75, weight 3 
BOC(9j)==102 15 43 -26, „ 2 

COD («s) =» 94 38 27 -22, 4 

004.(44) «= 79 23 23 -77, „ 2 

Adj ust the angles. 

We shall work out the problem by the several methods 
First Method —-By the application of the rule, vii 
corrections to the angles are inversely proportional to tie 
tespectrve weights 

Since the horizon is closed, -f #1 “ 860*. 

Now the sum of the observed valuer of the angles ** S80* O'S*. 
The discrepancy =« + 8 *. 

If. Cl, cj, Cj, and C| be the corrections to the angles 9i, 6, 
Sj, and 64 , respectively, then 

Cj -t- Cj -f f j — Cl = - 3', and by the rule, Cj : c, ; c» s ^ 
^ i ior 4 0 8 : 6 , we have 

Cj = i- ( 3 ) _ O’ 63 , c» = — (3) =s — 0''95. 

19 ' 19 

'.= -^(3) = -0' «: c, = ^(3) = -0- 05 

Here it will be noticed that the angle having the large** 
weight has the least correction, which should be the case 

Whence, the most probable value of $i = 83* 42 23 *12 
„ „ nf5^:=»102 15 42 -31 

„ „ of^,« 04 38 23-^^ 

«. « r^ra.,=, 79 23 22'!? 

CAal-.*— Sum =360* 0' 0*'®® 
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Second method : — ^By the method of normal equations: 

(a) The most probable values are obtained directly from the 
observation equations. 

Here the angles fij, fi,, and $3 are considered as independent 
Ind the conditional equation is avoided b\ writing for Bt its 
value m terms of fli, fij, 63 and 64 360°— (fij + Sj + Pj) } m 


the observation equation m\olMng 64 

Then the last observation equation becomes 
360°- {$1 + 63) = 70° 23' 23* 77 

or 4- « j + «s = 2S0° 36' 36'-23. 

Therefore, the obsenat’on equations are 

83° 42' 28'*75 weight 3 (}) 

102 15 43 *26 „ 2 (S) 

04 8S 27 22 „ 4 (8) 

+ tf#«280 36 30 23 „ 2 (4) 

Applying the rule for normal equations, we have 
S5i+ 2ej*= S12“ 20' 38' 71 *s normal equation in 61 
2#i4* 452-}- 293* 765 44 88 98 = „ „ m 0* 

2^1+ 2S,4- 6«j= 939 47 1 34 = „ „ m O, 

The solution of these equations gives 


01 =» 83° 42' 28' 12; ©2= 102° 15' 42' 31, 3,= 94° 38' 28'.75. 

Then 3G0°- (0,-i-02 + ^5) = 360°— 2S0° 80' 87' 18 
= 79° 23' 22' 82 

(b) ihe numerical work may be sunpltfied by introducing 
corrections to the observed values of the angles and then finding 
their most probable values, which, when applied algebraically^ 
gives the most probable values of the angles. 

Let Cj, Cj, and Cj be the corrections to Jj, gj, and 63 res- 
peclivelj. 'Then the roost probable values of 6:, and 63 are 

Oi=s 83° 42' 28'-75+ej 
G,«= 102 15 43 *2a+c, 

0j= 94 38 27 *22 +Ca 
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The conditional equation being avoided as explained above, 
■the reduced observation equations are 
c, =Z5 o weight 3 

Cj = O „ 2 

e, = 0 „ 4 

Cj + Cj + Cj = — 3 ,, 3 

B\ the rule for normal equations, we have 

5ri+ 2 c 3 = — 6 normal equation in 
2c,+ 4e,-f 2Cs = — 6 = „ in Cj 

2 e,+ 6Cj = — 6 =» „ „ m e, 

Solving these equations, we have 
Cj « — 0* 632 e. as — 0' 947 ej=* — 0'-474 
= —0*63, =— 0'95; — 0''47. 

Correction to 04 ** — 3 — (—0 632 — 0 947 — 0'‘474) 

- _0 947 « — 0''95 


and 6 


which agree with the corrections previouslj obtained 
Third method — Bv the method of Correlates } 

I et Cj, fj, fj and r 4 be the corrections to 0i, 6ji O- 
B\ the conditional equation, 

< 1 -h ("i Cj -4- Cj = — 3 
l)v the principle of least squares, 

KiCj*— irjej*+ irj(rj*-r rx;^c^= a minimuin 
DifTerentiating the equations \ and 2, we have 
Scj— Scj-h Sc3+ Sct= 0 

ic,CjSc,+ ic,C35ca+ W4 Ci8c|= 0 
Multiplj mg the equation (3) by — X, adding the resi^ 
■to the equation (4) and then equating the coefficients of each 
to zero, we have 

tCjCi — X = 0 , icjc,— X = 0 ; tc,c*— X = 0 ; ttiVi 

X 


(3) 

(^) 




or Cj= - 


: c, = - 
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substituting these ^ alues m the equation (1), we get 


a j = — 3 ; Here »!= 3 ; iC 2 = 2j 
\zLi ttj “"a ai-' 

a3 = 4 ; tr4= 2. 

or X( — H T ) = — 3.. )i=— - — 

\ 3 2 4 2 / 19 

Whenc=,.,= |(- ^®) = -0--63i.,= |. (- 


Example 5 .—Find the most probable values of the following 
station observations closing the horizon *— 

A «=> 28* 24' 28' 4 weight 2 

B s 32 14 IG 8 1 

A 4-B = 60 38 50 -7 1 

C =s 299 21 ll *8 „ 2 

B 4- C = 831 83 27 8 „ 8 

Since the angles A. B, and C close the horizon, their sum must 
satisfy the conditional equation, viz. A + B -f C =* 360®. 

Let A and B be reg.'irded as independent quantities and 0 as 
a dependent quantitv To avoid the conditional equation, we 
wnte the observation equations m terras of the mdependent 
quantities A and B by subtracting all angles involving C from 
860®. Therefore, v\e get 

A = 28* 24' 28' 4 weight 2 
B =32 14 16 -3 „ 1 

A 4 B = CO 38 50 -7 „ 1 

A 4 B = CO 38 48 -2 „ 2 

A = 28 24 32 •2 „ 3 

Now let Cl and c. be the most probable corrections for A and B. 
Then the most probable values of A and B are 

A=s 2S* 24' 2S'-44Cj, B=a82* 14' 16'*34cj 
s L. 11-14 
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Substituting these values m 

obserration equations are equations, the reduced 

fi =0 weight 2 

c* = 0 „ 1 

Cj + C, = 4- 6 , 1 

Cl + Cj =: 4_ 3 5 ^ 2 

*^1 = -1- 3 8 „ 3 

Forming the normal equations in c and e i, 

8c,J-a^ —€iA A j CiandCj, we have 

ci+3c, _24 4 and3ei + 4e,«13 0 

Solving these tvvo equations, we get 

Cl = +2' 55, e, = +1- 3^ 

A- “-rrsCt. 

B=32 1118 si: f =28" 21' SO- 05 

FxsQiDle 6 p,- -I 

“Ogles A B, and c from' thT”? ii 

Station P following observations at a 

'+B+e=118- 6 4a-lw»shtl 
A+B=-'3» 42 82' 5 2| ®+C=n2* 44' 29' 1 . 2 

tee, e. onde,belhecorrect.ons to the angles 1,B »d0 

Assume the, sine of C as (B-nO-B 

-(m-1128-.,_,g8.,„ If 7,=ri-21 21-1 
0=71.2:.:;. ==^-^“r,+e„ 

~ 3 weight 1 

^* = 0 , 

^i+c, =.^0 8 *' o 

«I + C, + c, = — 9 3 ” ” 

c* + <S = 0 * O 
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From -which the normal equations are 
4ci 4- Scj + c, « - 10 9 
Sci 4- 6c- 4 - 303 = — 10 9 
Cj 4“ 3 c2 4* 3 C 3 — — 9 3 
Solnng these equations, we get 

Cx « - 2' 88 c = 4- 1' 39 , fs = — 8' d1 

The most probable lalues of A B and C are 

A = 33“ 22* 2o' 60 — 2' 88 « 35“ 22 22' 72 

B = 38“ 20 7* 70 4- 1* 39 *= 38“ 20 9'*09 

C = ■“4“ 24 21' 40 — 3' ‘il — 74“ 24 1'*" 89 

Figure Ad|ustmeot 

The determmatioa o£ the most probable values of the angles 
mvolved m an) geometncal figure so as to fulfil the geometncsl 
conditions is called the fgure adjusimeni All cases of figure 
adjustment necessarily m\ ol\ e one or more conditional equations 
The geometncal figures used m a tnsngulation system are 
(t) triangles ( 11 ) quadrilaterals and (lu) polygons with central 
stations Adjustment of the angles can conveniently be done 
by the fnetftod of Correlal^s for Corrclofuwl 

Triangle Adjustment — ^The following are the various 
rules for corrections to the observed angles of a triangle 

Notation c = the correction to the observed angle 
IT — the weight of the angle 
d = the discrepancy ( error of closure) 
n ^ the number of observations 
E = the probable error of the angle 

Rule 1 — IVhen the angles are of equal weight, distribute 
the discrepancj equally among the three angles ^c=sid^ 

Rule 2 — \\ hen tlie angles are of unequal weight, distribute 
the discrepanci among all the angles inrerseli/ as the respective 

weights Ct. Cb Co = — — • ^ 

IC* tFg Wq 
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-d, Cb 


(—+ —+—) (-^+— + — ) 

NiTi ffB We/ \w* Wb Wq/ 


\wa Wb >Oc/ 


Rule 3 — The correeliotis ate proportional to the reciprocals 
o! the numbers ol observations 




- d etc 


^ + L) 

VtVi 11 b "c' 

Rule 4 -—The corrections arc inierseh proportional to tie 
squares of the niunbers of obseriations 


(:.)■ 




Rule 5 —The corrections are proportional to the squares 
of the probable errors 

Ci « d etc 

(Ea* + Eb* t Eo*) 

where E® and Eo are the probable errors of the angles 
K B and C 

This follows from Rule 2 since the weight of a quantity 
IS mrersely proportional to the square of its probable 




Rule 6 — Gauss s Rule — {i) Trom the number of observa 
■ / . , , „ . . , _ 4”* mViMCCl* 
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equal to the residual, i. e. the difference between the mean 
observed value of the angle and its observed % alue. 


Let SI = the mean \alue of the several observ’ations of the 
angle A, 

Li, Lj, etc. = the several observations of the angle A. 
Then (SI - (M - (SI ~ L,)*. 


(ii) Knowing the weights of the angles, the corrections 
may be obtained by Rule 2 

' ^ ^ = say K 


Similarly, find — ( = Kb) and — ( = Kp) 


Then the corrections are 


'is d, 

I. i_ V \ ’ 


(Ka Kd + Kc) " ~ Kb Ko) 

Ko 


(Ka — Kd 4* Kc) 


The signs of the corrections are plus or minus according 
as the sum of the angles of the triangle is less or greater than 
the theoretic sum 180® (or 180 ® J- spherical excess m the case of 
a Spherical triangle) 

In adjusting the angles of a tmngle. Rules 1, 2, and G are 
commonly used 


Example , — Adjust thefollowmg angles of the triangle ABC. 
A = 52® 35' 32'; B = 70® 4C' 22' , C = 5G® 38’ 13' 

30 24 10 

31 23 12 

2S 23 11 


llean value of A = 52* 35' 20'; number of observations = 6. 
„ of B =*70 46 24 „ „ «5, 

„ of C =5G 3S 11-3 „ = 4 . 
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Now A +B+ C =s 180® O' 4''5 Discrepancy (rf) ^ +4'‘5 
in* 


Weight of A (iCi) = 


2r»’ 


where 2rr = S(M— L)* 3)*+ (— 1)* + (- 2)* + 

(+ l)-+(4-3)2 +(+2)«] = : 

. 


SimUarly, Weight ofB(«B) 


— — and Ki ! 
14 

in* 


i(g)* 


{ (+ -’1-^ 0 + <+ i)* + (-^T)H(^^ 




Weight of C(tcc) « *- 
2»* 


•= «nd K» — ■= _ IS 0 8 
4 Vs 5 




’ {(-1 5)*+(J-i 5)*+(-0-5)*+(0“3)^" S 
and Ko ^ = 0 625. 


Hence the correction to \ = — — d 

(Iw+K» + Ko) 


h Kb 
t 536 X 4-5 


■ (1 356+0 8+0*625) 


= 2'-83(-w) 


to B = d 

(K* + Kb + Ko) 


= 1'*21(-") 


toC« ^ - 

0 623 X 4*5 


= 0''94(-«) 
I _ 

Check i Sum = — 4'*3 
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Figure Adjustment 

Case I : Plane Triangle — It seldom happens that the 
sum of the measured angles of a triangle equals 180°. It is, 
therefore, necessary to adjust them so as to fulfil this condition. 
Rule 1 or 2 maj be used for this purpose according as the angles 
are of equal weight, or of unequal sv eight If the number of 
obsen'ations of each angle be gnen, Gauss’s rule should be used. 
After ha\ing corrected the angles, the sides of a triangle may 
be computed from a knonn side and the three angles, by the sine 
rule. The side may be knorni by direct measurement as a base 
line, or known from the preceding computations The co ordinates 
of the stations are computed as follows 

In the ^ ABC, let the co-ordinates of be giren and \B, 
the known side, its azunuth being known from the prei lous 
computations 

(i) From the known azimuth of AB, and the angles A 
and B, find the azimuths of BC and AC 

(n) Calculate the latitude and departure of SB 
(m) Find the co-ordinates of B bj adding algebraically 
the latitude and departure of \B to the north co ordinate and 
east co-ordinate of A respectiiclj 

(i\) Calculate the latitudes and departures of BC and AC 
(v ) Find the co-ordinates of C from B, and also from A 
to check the results 

If the computations be correcllj mad", the two values of 
the CO ordinates of C must be CAactly the same 

Case II : Spherical Triangle . — A spherical triangle is a 
triangle bounded by three arcs of great circles The sum of 
the three angles of a spherical triangle always exceeds 180“ by 
an amount known as spheneal excess 

Spherical Excess • — ^Tbe spbencal excess (Ej) depends upon 
the area of a triangle and is, therefore, ignored when the sides of 
the triangle are short ( less than 3 5 tan ) But when they are 
great as m geodetic operations it must be taken mto account. 

It maj be taken approximately as one second (I*) for every 
190'75 sq km Its exact value may be calculated from the 
following formula • 
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-Spherical excess m degrees (E",) = A X ISO' 

irrr~ 


( 1 ) 

(la) 


” •> in seconds (E%) = A 

rir~ 

” ’* » A 

. R* sia 1 ' 

.n..nchA-.heareaofthespher.caU„a„g,e.,. s,,„„,s, 
R- the radius of the sphere otlh. earth 

ate ^ ® 


eaIeulated'frLlhe’"fonuX"‘°°’ !>' 


* E% in seconds w 


where 


^ A 

RN sm7' 


( 2 ) 

(2fl) 


of the latitude of the bounding stations 
the earth’s equatorial semi-auis 
* - the earths’ eccentricity 

at latitude 0 ”*" of a meridian section 

of the arc cut ou^ on^th!!^^ normal or the redjus of curvature 

pendioular to the mend.an,Tt iS.tude 0^ 


is thfLa‘rpScTt„°^ ooluputmg the area of the truingle, it 
error beinf imohed as plane, no serious 

calculated from the fonnula The area is then 


^ = ,ja2S m B sm C 

sin A ’ ^ ** ** the known side, and A, B, 

I r .. 


and C are the angles of the tnanele 
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Alost geodetic tables give values for the logarithms of 

or for for diSereut latitudes and hence the 

2 RN 2 R\ sm 1 

value of can easily be obtained 

2 RIs sm I' 

To a\oid confusion computation work must be done metho- 
dically m the following steps 

I^et A B and C = the mean observed values of the spherical 
angles of theAABC 

Bg and » the approximate plane angles. 

A, , Bo > and = the corrected plane angles 

Ai Bj and Cj = tlie corrected spherical angles 

(1) SpJencal Excess — (i) Add the three angles (A,B and C) 

and find the total discrepancy (d) between this sum and 180° 

(u) Distribute this error equalU among the three angles 
(i d) thus obtammg the salues of A,, B^. and 

(ill) Using these ^alues find the area (A) of the triangle 
(i\) Calculate the spherical excess 

(% ) Obtain the total error (e) m the obsen ed angles by 
Ending the difference between theirsum(A+B-|-C) and (180*+E#) 

(2) (a) TT hen (he angle* are of equal jreigkt — 

(i) Correct the angles bj appUmg algebraically the correc- 
tion equal to J of the total error (d) to each of the observed 
angles ( A B and C ) thus obtaining the corrected plane angles 
A# , , and C^ 

It may be noted that m this case the calculation for 
spherical excess is not required nS the total discrepancy (d) 
includes both the spherical excess and the total error (e) m a 

plane triangle A. — — ~E«= (V — -e)— = \ — d 

3 3 3 3 

(fc) TIAen the angles are of unequal vetg/t — 

(i) llaMng found the total error (e) find the corrections 
by Rule 2 (corrections mserecly proportional to the 
weights of the angles) 
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(ii) Obtain the corrected spherical angles Aj, Bj, and Cj 
b} apph ing the corrections to each of the observed 
angles A, B» and C. 

{\\\) Find the corrected plane angles A,', B'^, and C', by 
subtracting § of the spherical excess from each of Ite 
corrected spherical angles 

Computation of the Sides of a Spherical Triangle — 
Three methods ace available for computing the sides of a sphen 
cal trnngle in n Inch one side, and the three angles are known 

First Method By Spherical Tngonometrj — 


Let BC (n) = the known side of the triangle ABC. 

Aj, Bj, and Ci = the adjusted spliercal angles of the A 
< , a and = the central in les subtended bj BC, CA, awl 
iB respi'i tn el> 


Then (i) Cilculate the central angfc K from the formula 

„ ISO’Xfl 

art =* II X central angle in radians , or < = — 

11 b mg the radius of the earth (GStlOOO m) 




Lsmg the sine rule, find fi and y 

. sm B, , sin C, 

sin ^ sm «< . — ‘ and sm y ■= sin •< . — - 

sin sinA, 


(ui) Knowing fi and y, calculate the correspondoj 
lengths of the arcs CA (6) and AB (c) by the xelatioa 

ttRP* , n’Rv® 

— _ and e = . 

180' 180® 


Second Method By Delambre’s Method • — In this melbod 
the angul ir points A, B, and C are assumed to be joined bj 
straight lines so that the triangle ^IBC formed by the corres* 
pondmg cliozxis of the arcs AB, BC, and CA is a plane triangle 
(i) As before, calculate the central angle X. 

(u) Knowing the length of arc a and its central angle X, 
calculate the corresponding chord a by the relation 

ch a *= 2U sm 
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(ui) From the known length of chord a, and the corrected 
plane angles A^’, Bq', C^', find the lengths of chord b and 
chord c by the sme rule 


Chord b = chord n and chord c 

sm A„' 


= chord a 


sm C-' 


sm A,' 
fi and y by the relation 


and sin = 


eh «* 


(tv) Calculate the central 
fi ch 6 

sm — — — — . 

2 2R 2 2R 

(v ) Knowing fi and y find the lengths of arcs 6 and c 

w *1, 1 * ». j TTRy** 

by the relation arc o ~ — - — 


Third Method By Legendre’s Method —The Legendre’s 
theorem may be stated as "In any spherical triangle, the sides 
of which are small compared with the radius of the sphere, if 
each of the angles be dunmished by ooe^third of the spherical 
excess, the sines of these angles will be proportional to the 
lengths of the opposite sides and the triangle may, therefore, 
be calculated as if it irere plane ’’ In tins metho<l each corrected 
spherical angle is diminished by one third of the spherical excess 
to determine the plaiiL angles The sides are then computed 
by the sine rul-, considering tlie triangle as if it were a plane 
triangle 

(i) Fmd the corrected plane angles 2^,' and C^ 

(ii) From the known side a and the angles A'^, and 
C^', calculate the lengths b and c by the sine rule 


b 


sm B„' 
o — - 
sm Ap 


and 


e = a 


sm C„ 
sm 


Of the three methods, the first method is very laborious 
and IS not, therefore, in common use The other two methods 
are commonly used, since they uivolv’e less labour and gi\ e equally 
accurate resets. 


Example — The mean observed angles in a spherical 
triangle ABC neie recorded as foHons: 

A 58*' 34' 27" 52 weight 1 

B 63” 46' 22'-65 „ 3 

C 57” 09' 15"*9S „ 3 
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The length of the side BC *=56349 *7 m. Calculate the 
lengths of the sides AB and AC. 

(il Summing up the obserred angles, we get 
A + B+C=180'0’ 6'*12; Summation ertor=i*f6'*12. 
Let Aj,, and be the approximate plane angles. Then 
deducting \ (6* -12) from each angle, we have 

Aj = 58® 34' 27* 52 — 2**04 55* 34' 25'*48 

B^ = 6.3®40' 22'-C3 — 2*-04 =s G3*46’ 20'-61 
Cj=57"39' 15**95 — 2'-04 =57*39' 13'-91 

(u) Spliencal excess ; — 

1 f .1 * 1 *r,^ A ia*siaB„smC. 

Area of the triangle ABC as ^ =* * 2 S 

sm Ag 

^ 4(56349 7)* sin 63* 40' 20* 61 Sin 57*89' i8**91 
“ ” sm 58* 84' 2S'*48 

Spherical excess = seconds; B *= 0370291 m. 

trR* 

^ 4(50349 7)*sinG3*46' 20* 61su\57*3 0' 13**19 X 648Q0g 
sm58*S4' 25*”4F^tr(^70401)* 
s=7 1C7 seconds 

(ni) Correcting the obsen ed angles:— 

Theoretic sum of the angles of the ^ ABC*= 180® +7'*l6T. 

las ISO* 0'7'*167- 

Actual sum „ „ „ = 180* 0’6'’l2. 

Summation error = — 1-055 seconds. 

Distributing the error among the angles inversely as the 
corresponding weights, i. c. as : 1 : J : 4 or as C : 2 ; 3. 

Correction to A = (1*055) = -1- 0*575 seconds. 

.. to B = ^ (1*055) = -hO'192 „ 

„ to C = ® (1*055) = 4* 0*288 „ 


sum =s + 1*055 
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Hence the corrected spherical angles are 

Ai = 5S“34' 27'*52 +0''57l = 58®34' 28'-091 
Bi = 63®46' 22'-65 + 0 *190 = 63° 46' 22'*840 
Cj—ST^aO' 13'-95 +0 *286 = 57*89' 16'-236 
sura = 180° 00' 7' -167 

Subtracting J spherical excess from each angle, the corrected 
plane angl& ate 

34 2S'-091 — 2'*389 = 58° 34' 2b' -702 
B'„=63° 46'22'-840 — 2 -389 = 63° 46' 2Q'-45l 
C'.= o7° 39't6'-236— 2 -389 = 57°39' 13'-847 
sum ^ISO^OO OO'-OOO 


(m) Computation ot sides:— 

(a) By Legendre’s Method ‘—Knowing the corrected 
plane angles -i,', and C,' and the side BC (a), the remammg 
sides AB and A.C nre calculated by the sine rule. 


sm B. 


AC = i> = a -=-°, =56349*7 
log b 
AB 


sin Ao' 
s 4 7723099 

sm C'. 


sm 68® 46' 20'‘45 
sm^si^M' 2 V ‘7 

fe = 59237 90 m. 


log 


sm 57° 39' 13' 85 

= o = 50349 7 

sm A'^ sm 58° 34’ 25'*7 

= 4-7465506 .*. c « 55789*70 m. 


(6) By Delarabie’s Method; — Given the mean value of 
one minute of arc = 1853*79in. Let «<a. <61 »<e= the cen- 

tral angles m minutes subtended by a, b, and c respectively. 


Then 


<0 


184875 5 


= SO' 23'-82. 


Now chord o = 2Rsm 4 -i# = 2 X 6370291 smi(80'23'*82)=K 
log ch. a = 4’7503688. 

Usmg the corrected plane angles and chord a, and applying 
the sme rule, we have 
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ch. b s 


_ ch a sm B‘. _ K sm 63° 46' 20'-45 

, , sm 58' 34' 25'-7 

iog chord b = 4*7722773. 

ch. e = ^ ° sm C\ _ K sm 57" 30' 13*-85 
sin5S*S4' 25'-7, 

log chord c=4*7462306) 

^cb ch h 

2R 2 X 208890m’ 

log sm 4 <4 = 3 6670881. 

15' 58'-37 or Xj = 31' 54".06. 


Now sin J <4 


i <e 


ch c 


ch c 


ill “2 X 20889000’’ sm j Ke=3*6J104U 
•• “o" “* or <e*00'5’-24. 

Hsnce t - (11 ■ w 06) 1853 70 , log J = j gsssST? 
b ^ 592il 18 m 
c “» (30 j' 24) 1853 79, 
c » 55775 54 m 

spherical angle^sf^inT the “Using the corrected 

and apo,i,„: ,^0’“ '''rfj;;,'”'"' ' •<“) “'i' BC (a), 

smoC4 = ®m^ su^, ^ s, n 30 05- sm C3’ 40' 22’-S4 
sin 58” 34' 28* 1 
^.=3I’57-10 

smK 4 =s!^?_<oSm^ ^ sm3Q' 25*»36 sm 57° 39' 16*-24 
^58” 84 28'-l 

Z'°‘ “ '“=■=“ = 30' 5--5. 

i = <5 (0070 0) = (31-57--10) 1853-79 , 
n =59232-30 m 

Smnatlj c = (SO- 5' 54) 1853-70 
’ — 55784.25 m 
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Adjustment of a Chain of Triangles 



In Fig. 173, let ABC, BCD, BDE be the triangles. The 
angles indicated at the stations B, C, D, and E are measured 
with equal precision. The adiastraent is itiade in two steps, 
VIZ. (1) Station adjustment and (2) Figure aiijnsimcnt. 

(1) Station Adjustment — ^.Idjust the angles around each 
of the stations A, B, C, D, and E so a5» to fulfil the condition 
that their sum must be equal to 360^ Tims we hai e 

1 + 2 SCO* ;3-r4T5-r‘5 = 360® ; 7 + 8 + 9 « 360®; 

10 x 11 + 12 = SCO® , 13 + 14 = 860® 

The discrepancy should be equally distributed among all the 
angles at the station. 

(2) Figure Adjustment* — Using these adjusted values 
adjust the three angles in each triangle so that their sum equals 
180®. Then we have 

In the A ABC, 1 + 3 + 9 « 180® 

,. BCD, 4 + 8 + 12 = 180® 

„ BDE, 5 + 11 + 13 *= 180®. 

Since the angles are of equal weight, the correction is equal 
to one-third of the discrepancy and should be applied to each of 
the three angles of the triangle. If the angles are weighted, the 
corrections are applied in>ersdy as the respective weights in 
both the adjustments. 
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Adjustment of Two Connected Triangles 
C 


A 


D 

Fig. 174 

Referring to Fig. 174, the triangles ACD and BCD are 
connected b> the common side CD The eight angles A, C, C„ C,. 
D, D, Dj, and D, are measured. There are four independent 
conditional equations that the adjusted sallies of the angles must 
satisfy These conditional equations areca'led the angh iquatml. 
Angle Equacion-h 

(1) The sum of the angles lo the triangle ACD must equal 180*. 
» •» m thetnaagleBCD „ „ „ 

(3) The summation angle at C must be equal to the sum 
of Its component parts 

(4) The summation angle at D must be equal to the sum 
of its component parts 

Tnerefore, the conditional equations are 

A +C3+D,= ISO" (1): B +C4+D, = ISO- (2) 

D = (3); C =C,+C* ... (4) 

Out of the eight unknowns, D,, D,. C* and C| should be 
regarded as the independent unknowns, and the remammg four 
. . , and D as the dependent ones, since they can be easily 

obtained from the conditional equation'!. From the conditional 
equations 1 and 2 , the dependent unknowns A and B should be 
expressed in terms of the independent unknowns. Thus we have 

A = ISO* - (C, + Di) ; I B = 180* — (C, + D,). 

D =D,-ud^. I c=C3 + C.. 
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Now substitute these values of A, B, C, and D in the given 
observation equations, and after reducing, obtain the new observa- 
tion equations. Forming the normal equations from these new 
observation equations and solving them as simultaneous, we 
get the most probable i alues of Dj, Dj, Cj, and C| On substi- 
tuting these \ alues m the conditional equations, the most 
probable values of A, B, C, and D are obtained. The method is 
illustrated in the following example The problem ma% also 
be solved by the method of correlatives 

Example : — ^The following are the measured values of equal 
weight ; 


A « 70* 

10’ 

24* 6 

Cj = 05* 

40’ 22* 4 

B = 48 

20 

28 2 

Cj*=74 

31 43 2 

C = 140 

12 

4 -2 

D,= 44 

9 11 -5 

D = 101 

17 

6 -4 

Dj= 57 

7 51 *4 


Adjust the values of the angles 
The equations of condition are 

Cs^Cj + C^; D = Dj + Dj. 

A + C, -f Dj * ISO*; B 4- Ci + D, « 180\ 

Regarding A, B, C, and D as the dependent unknowns, 
expressing them m terms of the mdependent unknowns Dj, Dj, 
Cj, and Cj, and substituting their values in the observation 
equations, we have 

C, «65* 40' 22''4 ' C, C, == 140* 12' 4'-2 

C4= 74 31 43-2 Dj— D, = 101 17 6*4 

Di=44 9 11 -5 Ca+Dj=109 49 35 '4 

D, = 57 51 51-4 Cj+D, = 131 39 31 -8 

Now let Cj., c^ fj, and be the corrections m seconds to the 

angles Cj, Cj, Dj, and D- respectively. 

Then, the most probable \alue of C, =» 65* 40' 22' *4 4- Cj 
„ « of Ct = 74 31 43 - 2 4-Cj 

.. of D, = 44 9 11 -3 J-Cj 

„ ofD, = 57 7 51 4 -fc, 
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m the above equations, the reduced obser. 

vatloa equations are 

'■ ““I =-1-4 

I ei+c, = +3 5 

“0 I e, +e, =.+ 1.3 

I Vj +e, = — 2-8 

Folio, line the rule for the normal equations, ,ve get 

«3 =+0 1 aormal equation for e, 

+ e4=— 4 2 „ 

Cj +303+ C4 = +5 0 „ . 

- ■•> + 2'.— 0 7 „ ,’,’ " 

Soiling these normal equations, ve have 
f.-+ 0-0130 c, = + 1-.5900 

e. - 1 4,,0 c, = +0 2150 

Whenoe, the adjusted values of the angle are 


I + 3^* 


Cj =B C5 40 22' 4 + 0* 02 

c, = 74 01 43 o _ J 45 

Di = 44 9 11 3 + 1 59 

D. = 57 7 51 4 a, 0 22 

A = 180“-(C,+D,) 

B =. 1S0°_(C,+D,) 

- Cl + C, 

D-D, .OD, 

C/iec/- 


= Co® 40' 22'-4S 
« 74 31 41 ‘72 
« 44 0 IS *09 

= 57 7 51 -62 

= 70* 10' 24'*49 
= 48 20 26 -66 
= 140 12 4 .14 

= 101 17 4 -71 


sum =360 00 00 *00 

Adjustment of a Triangle with a Central Station 

Refetrmg to Fig 175, Jet A^C 
be Hie tnangle and P the central 
Station Let the angles measured 
at the stations A, B, C, and P 
be designated by 1, 2, etc The 
angles 7, 8, and 9 are the central 
= angles The angles 1, 8, and 5 

obser\er wlio tra\erses the boundary of the 
alw-ays facing the central station P are called the left-hand 
t, es and those (2, 4. 6) to his nght, the right-hand angles 



Fig 175 
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(Alternatively the angles are designated as left-hand (L. H.) 
and right-hand (R.H.) angles according as they appear to the 
left or right of an oLser\ er who faces the central station ) 

Let Cj, Cj* = the corrections to the angles 1, 2, etc. 
di, dj, etc. = the tabular differences for 1' for log sin 1, 
log sin 2, etc. 

(obtained from seven-figure loganihrtwc tables). 

The equations of condition that must be fulfilled by the 
measured angles are 

(i) The sum of all the angles around the common \ eitex 
P must be equal to 360“. This condition is called the Apex 
condition 


(u) The sum of the angles of each triangle must equal 
ISO*. This condition is called the Triangle condition 

(m) The condition that the three lines AP, BP, and CP 
shall meet at a pomt P introduces another conditional equation 
that must be satisfied by the angles ( 1 , 2, 3, 4, 5, and 6} measured 
at the stations A, B, and C 

This conditional equation is derived as follows 

In the A ABP, AP = ~ Now calculating its length 

sin 1 


through the triangles ACP and BCP, we get 

AP»CP*J^^ = AP=BP 

sm 6 sin 4 

Pquatmg these two expressions, we have 


sui 8 sm 5 
sm 4 sin r 


gp sin 2 gp sm 3 sin 5 

sm 1 sin 4 sm 6 

i e sm 1 sm 3 sm 5 = sm 2 sm 4 sm 6 

This equntion is called a side equation, since it expresses the 
necessarj relation between the three lines or sides meeting at P. 
Therefore, the condition ma\ be stated as follows 
The product of the sines of the left-hand angles must be 
equal to the product of the smes of the right-hand angles 
More usually, it is expressed as 

The sum of the log sines of the left-hand angles must be equal 
to the sum of the log suits of the right hand angles. 
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This IS called the Lag «ine condtiton 

Slog sin (L H angle) = Slog sm (R H angle) 

Now by the Apex condition, CT + fg+Cg = d: ^i U) 

Bj the Triangle condition <h+^s + ^7 = ±^j (2) 

= ± (3) 

<s+ <^« + c* = ± (^) 

By the Log sme condition, 

diCi— dgCj-r dsCg— dgCgd- dgCg— dgc* =• i M (S) 

where M is m units of the seventh decimal place of logarithms 
Bv the Least *quare condition, 

<• 1 * + + ^ 3 * + + ‘^7* + 

= a minimum {®) 
The most probable \alues of the corrections c^, etc may 


be found b\ the method of Corretaies (or C7nelaii..r%) by the use 
of undetermined multipliers (Xj X* elt ), known as “correlates 
or correlatives which is illustrated m the following eicamples 
The most probable vahies of the angles are then deterrovned by 
applying the corrections to then- measured values 

Example 1 — TolocateasccondarvstationOinthetnansl* 
BQR, the following angles were measured (Fig 176) 



rig 176 


L H angle R H angle 

1 = 40® 50 86* 2 » 41® 21' 30' 

3 = 20* 48 24* 4 =* 27* 31' 48* 

5 « 19* 34’ 4* 6 = 20* S3' 48* 

Tint! the most probable values of the angles 

The conditional equations whwh must be satisfied lo 


case 
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(1) Angle Equation 1 + 2+ 3+ 4 + 5+ 6= 18u”. 

(2) Side Equation t — 

Z (log sm L H angle)= S (log sin R H. angle) 

Let Cj, Cj, Cj, etc be the corrections to the measured angles 
1, 2, 3, etc. 

Now the sum of the observed angles = 180® 0' 10' The 
error IS therefore, equal to + lO'andthe total correction is~l()'. 
/. Bj condition (1), Ci-f fj-f <?*+ CgH* Cg ~ (1) 

Now the tabular differences for one second for log sm 1, 
log sm 2, etc. maj be obtained from the seven figure log tables. 


Then bv condition (2), 

24*4ci— 23 Ocj-^Se 8C3-40 4C4+53*2c,-.50 Qc^^J^^ZoO (2) 
By the theorj of least squares, we hav e 
Cj* + Cj* -h cj^ — + Cg* + C4*« a minimum (8) 

Differentiating tlie equations 1 to 8, we get 

Sci + 8cj -h + Soj = 0 (4) 

24 45ci — 23-05^2 + etc. = 0 (5) 

CiSci + CjSCa + etc = 0 (6) 

Jlultipljmg the equations 4 and 5 by — and Xj 
respectn ely, and adding them to equation 6, we have 

(ci — — 24*4X2) 8C| 4- (^2 ~ Xj + 23 0X2) SC3 

+ (cj — Xj - 30 SXj) acj X (c» — X, + 40 4X2) Sc* 


+ (cs - Xi - 59 2Xj) Scj + (c, — Xi 4- 50*0X3) Sc, =s 0 
Equatmg the coefficients of Sc*, Scj, etc to zero, we get 

Cj = Xi 4- 24-4X,; c, = Xj — 40 4Xj ; 
c, = X, — 23*9X3, c#=sXi4' 59 2X2, 

Cj Xj 4* 30 • SXj f Cg X| — * 50 * 0X2 

By substituting these values in the original equations 
1 and 2, v\e have 

C>i4*G*1X, — — 10 (7) 

0*1?, 4- 1015r*61?.5 =+2350 (8) 

X,=«— 1*903 and )^=+ 0*2325. 
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By substitution of the values of Xj and Xj in Cj, Cj, etc , weget 
Cl =— 1-903 4- 24-4 (•2325) == + 3-769 = -J- 3-77 sees 
c, =— 1 903 — 23 9 (‘2325) = — 7 459 = — 7-46 

c, =— 1 903 + 36 8(-2325) =+ 0-652 = + 6-65 „ 

c, =— 1-903 — 40 4 (-2325) = — 11-296 == — 11-30 

Cg =— 1-903 + 59 2{-2325) =+ 11-857 = + 11-80 „ 

c, =— 1-903 — SO 0 (•2325) = — 13-523 = — 13-52 „ 

Check — sum = — 10 secs = — 10 secs. 


hence, the most probable \alues of the angles are 


Angle 

Observ ed 

value 

Correction 

Adjusted 

. value 

1 

40 

50 

86 

+ 3 77 

40 

50 

39 77 

2 

41 

21 

30 

— 7*46 

41 

21 

22 54 

a 

29 

48 

24 

+ 6 65 

29 

48 

80 65 

4 

27 

31 

4S 

—11 SO 

27 

31 

86 70 

5 

19 

34 

4 

+11 86 

19 

34 

15 86 

6 

20 

58 

48 

— 18 52 

20 

58 

84-48 

Check 




sum 

= 180 

00 

00 00 


Example 2 —To locate a secondarj- station 0 in the triangle 
PQR, the following angles were observed (Fig 177) 

L H angle. R. H angle Central angle. 

2 =1 33’ 2' 9' 1 = 82’ 15' 30' 7 « 114" 42' 15' 

4 =3 27" O 13' 3 » 82" 27' 30' S = 120" 32' 20' 

6 = 29" 48' 18' 5 = 23’ 20' 24' 9 == 124" 45' 27' 

Determine the most probable values of the angles 

^ Here the angles are designated 

according as they appear to the left or 
right, if we face the central station 



Let Cj, c,, etc be the corrections 
to the observed values of the angles 
f'lg 177 1, 2, etc 

In the A OPQ, 1 + 2 + 7 = 179" 59' 54' 

„ OQR, 8 + 4+8 = 180* 0' 8' 

.. „ ORP 5-1-6+9=180* 0' 4' 

The sum of the central angle#, 7 + 8 + 9 = 360’ 0' 2' 
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Error = — G* and total correction = 4 - 6' • 

=+3' .> » .. =— S'- 

„ =4-4' „ 4'* 

= 4 - 2 ' „ „ „ = - 2 '. 

The equations of condition ■which must be satisfied in this 
case, are 

(1) Angle equations : — 

(a) The sum of the angles of each of the triangles 
OPQ, OQR, and ORP must equal 180” 

(b) The sum of the central angles must equal 360®. 


(2) Side equation — • 

E (log sm L. H. angle) = S (log sm R. II angle). 
Now 2(log sin L H. angle) -* 1 0900080 , 

E(log s\n R. H. angle) =* 1 •0''00776 
The dilTerence =» — 690 and the correction = + 690. 


By condition (la), 

4- Cj 4- c, — 4" 6 * 

(1) 


<^3 + C 4 4- c, = — 3* 

(2) 


Cj + c* 4- C, = — 4* 

(8) 

By condition (lb ) 

+ c# + c, = — 2' 

(4) 


By condition (2), 

-•33*4ci+82'4e,— 33 lCa4-41*Sc4-44 3c,+36-7Ce«4-690 .(5) 
By the theor\ of least squares, 

+ c% + Cj* -rc«® 4- cs* 4- c,* 4- c,* 4- c,* -f- c% 


= a minimum ..(6) 

Differentiating the equations 1 to 6, we get 

Sci 4- 8cj 4- Scr =» 0 (1') 

8cj 4- Sc* 4- Sc, = 0 . . .. (2') 

Scb 4- Scg 4- 8c, = 0 ... . . (8') 

Sc, 4- Sc, 4- Sc, *= 0 {4') 

— 33*4SCi 4-32 4Sc, — SS-lSc, 4- 4l-38c, — 44 3Se, 4- 36*78c, 

= 0.. (5'\ 

CjSci 4* CjSc, 4" CjScj 4- c,5c, 4" CiSc, 4* c,Sc, 4- CtSc, 4* CgSc, 

4- c,Sc, = 0 .. (6') 
Multiplying the equations 1' to 5' by — X,.— X,,— Xj, etc. 


respectively and adding the results to equation 6', and then 
equating the coefficients of each of 8e,, Sc,, etc. to zero, we have 
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I 44 ax, 

+32 4X, f, = x. +36 7X. 

7.= ^-33.i;, ^,=X.+X, 

74 — ?., + 41 3>s fa = >3 + Xi 

C u . . + ^4 

SUDStitutinf* these vaLim r^r ^ x 

equations l to 4. we git *’ 

3^i+?^->s =+ 6 ' 

3>'j+><+8 2>s =— 3' 

3X3+X4-76XS =— 4 ' 

SX.+ Xj+Xj+Xa «- 2 ' 

From equations 1 ' to 4 * the values of 1 1 

shouldbefoundmtcrmsof >, thus ’ 

Adding the equations V to S% we get 

8(Xi -r X, 4 - Xa) + 8X4 — 0 4 X«= — 1 

But from equation ( 4 ') X,+ X,=, - 2 ■ 


{!') 

(2') 

(S') 

(i') 

, and X 4 


-3Xj, 


3(-2-3X,)+3X,-o 4X, = -,<„x. (4+^)-.) 

Substituting the taiue of X, m equations 1 ' to 3', we get 
X.= + '‘‘' ” ■ ' 


^0■^..settl„g.be4a,uesofX 

1 Xj, X, and X* in Cj, c, etc , we have 
C. = 4- 2 9S _ 10 no- , i « » 


= + 2 28 - 33 04Xj 
= + 2 28 + 32 76X5 
= - 0 72 - 35 8 X, 
' - 0 72 + 38 0 X, 


f»= — 1 06 — 41 74X< 
e*= — 1 06 +39 26X* 

Cl— + 1 44 + 0 29X| 

<■«= — 1 56 — 2 78Xj 

Substituting these values of e e e 

- »1 r. + 8234X,= + 630 V C- +oTor°" 
foun^”°™° ‘■•‘t'ulues ofe„ e, etc may be 

'•i=-1005 e,= +3i78 c,= + 1 4-0 

<■.= +3 589 e.= _5.75 e.= Il81I 

UT, <■■= + 2 906 e,= — 1 633 

"Tienee the adjusted values ore 
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Angle 

Observed xalue 

Correction 

Adjusted 

xalue 

1 

32 

15 30 

_ 

1 055 

32 

15 

28 94 

o 

83 

2 9 

+ 

5 589 

33 

2 

14 59 

3 

32 

2T 30 

— 

4 336 

32 

27 

25 C6 

4 

27 

0 13 

+ 

3 ITS 

27 

0 

16 18 

5 

25 

26 24 

— 

5 275 

2j 

26 

IS 73 

6 

29 

48 13 

-+■ 

2 906 

29 

48 

15 91 

7 


42 15 

~r 

1 470 

lU 

42 

16 47 

8 

120 

32 20 

— 

1 841 

120 

S2 

18 16 

9 

124 

45 27 

— 

1 638 

124 

45 

25 36 

Check 

— 1+ 2 + ? = 180“ , 

5 + 6-*- 

9 « 1‘<(I 



3 4 + 8 =» 180“ , 7 + 8+ ? _359‘’39'5a*’ 9n 

14.2+3J-4+5+0« 180 “ 0 0' 01 


Adjustment ot a Geodetic Ouadrdateral 
(Quadrilateral ^ith Interlacing Diagonals) 

In the geodetic quadrilateral, obsenations are made along 



Fig ITS 


both the diagonals and all the eight 
angles ar* measufed If the quadri- 
lateral i» Hrge It IS necessary to 
calculate the spherical excess for 
the whole figure In minor work, 
the plane ingles are derived by 


deducting one eighth of the spherical excess from each of the 
eight measured angles Fig 178 represents a plane quadrilateral 
ADCD in which 1, 3 5, and 7 are the Left hand angles and 2, 
4 6, and 8 the Right hand ones 

The conditions that must be fulfilled bv the adjusted xalues 
of the angles are 

Angle equations — ( 1 ) The sum of the eight angles of the 


quadrilateral must be exactl> equal to 360“ 

or l+2-r3+4+5+6+7+8 = 300* (1) 

I + 2 ^ 5 + 6 

3 4 = 7 + 8 (3) 

Side equation —2 log sm (1,3,S,7) « Slog sin (2,4,6 8) (4) 

The side equation is denied as follows 


The length of nn> side, six , AB max be calculated in two 
waj s first through the ABC and BCD, and secondly , through 
the ABD and ACD 
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(1) AB = BC Sii and BC=CD 

sm 1 s«v S 

(2) AB =AD~andAD=CD~ 

Sin 2 sm 8 


Equating the two \ alues of AB we get 
sm 1 sin 3 sm 5 sm 7 = sm 2 sm 6 sm 6 sm S 


It maj be written jn the logarithmic form as 

(log sm 1 + log sm 3 + log sin 5 -r log sm 7) 

= (log sm 2 + log sm 4 + log sm G -p log sm 8) 

Let Cl Cj t-a etc be the corrections m seconds to the angles 
I, 2 3, etc , dx rfj rfa the tabular tlilTerences for one second 
for log sin 1, log sm 2 log sm 3 etc 
Then 

By condition (1) ti+c,+C3+Ca-ret+e,+e,-he| = ± Atj (Ij 
By condition (2) Oi+Cj— c,— e, = ± 

By condition (3) C3+C4— c,— <•» = ± 

By condition (4) d,Ci— djC,+daCj — daCi+daCj 

— d»c«+d c,— i/jC* = ± "M (*) 

B\ the theory of least squares 
ei*+e,*+Ca*— C4*+es*+re*-‘-Cj*4-ee* = a minimum 

The 1 alues of the corrections maj be determined bj the 
method of Correlates as follows 


Angles 0 / Equal Weight — 

Differentiatmg the equations 1 to 5 we get 
8c4+Sca+8c,+Sc4+Sc,+8c, + 8c7q-Sc8 =0 (U 

Sci+Scj-Sct-Sc, =0 (2) 

Sc,+Sc4-ac,-8C| =0 (3) 

diScj— djScj-fdaSca — d45c4+tfjScj — <14804 

+</,!t,-d,Sc. =0 

f jSci -hCjScj -pCaScj +C4SC4 +<r,8c5 

+f48r4 +fi6eT -V-CsSc, *= 0 I® ' 

Multiplying the equations 1, 2,3, and 4 by — 

— Xj, and— >,< respectively, adding the results to the cqust’°“ 
(5 ) and equating the coefHcients of each Sc to 7ero, we grt 
e, =?, 4-X4 +</i>4. C4 ^ >^1 - + d,>4 

Cj = + ^4 — d^Kt , Ci =» ? 2 — <^4X4 

c, = Xj + X3 +• d,\, , c, = Xi — X3 + df^-t 

C4 = Xi 4 - X3 — ^4X4 , C| = Xj — ?s •“ 
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etc m the original equa 


Substituting the values of 
tions 1 to 4 we have 

+(i. J-J, -rrf. = _ 11 (4-) 

The solution of these nomal equations gnes the values of 
1 X, s and ), from svh.eh the values of the correet.oas 
Cl Cl etc maj be obtained 

bv ailrf! P™*’”*’'" '“1"“ ot the angles are then dfermmed 
bv apphmg the eorrections to their measured values 

a ■ msvluchtbe angle. 

ABCD (Fig 1-2) ' ' 1 2 S etc of the quadrilateral 

Approvimate Adjustment ot a Geodetic Quadrilateral - 
mvol^s lessVi?^ method which is suffcienth accurate and 
I" tfiis method A u 

»d reduced for l.tZZ 

(F..V-2, ar!'l:otrh‘, 'I t fe^^ ^^erel:"""" 

The equal ons ot condition to be satisfied are 
Angle equations — 

c + d=g + I, 

Side equation 

(log sm u j- log sin c -r log sm a log sin s) 

(og sm i, +log smd-i-lqg sin/J-Iogsin 4) - 0 
the adjustment is made m four steps 
(I) Make the station adjustment a, follows 
sum en^nl\ around each point so as to make then 

severa? an-Im disfnbutmg the error equalli among the 
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(2) Using the values obtained by station adjustment, 
find the sum of the eight angles (a, &, c, etc ) and subtract their 
sum from 360®. Correct each angle bj one eighth of the- 
discrepancy. 


(8) From the values of the angles so obtained find the diff- 
erence between the sums (a + 6 ) and {e J-/ ) Each of the four 
angles is then corrected by one-fourth the discrepancy. If a -f- ^ 
IS greater than e-j- f, the sign of the correction to a and b is mmus, 
and that to e and / is plus, and \ ice \ ersa Similarl} , if c + d 
IS not equal to g + A, find the discrepance and distribute it 
equally among the four angles, c, d, g, and h The sign of the 
correction to c and d is mmus, and that to g and h is plus, if c-f-d 
IS greater than g -f- h, and \ ice e ersa 

(4) The adjusted values of the angles are then tested to 
satisfy the side equation, by addmg logarithmic smes of the angles 
ui teio groups as indicated in the side equation and finding the 
discrepancy between the two sums To reduce this discrepancy 
to zero, the following procedure mas be adopted 

Let Qj, 6j, Cj, etc. represent the measured angles as so 
far adjusted 

( 1 ) Hecord the log smes of the angles h, etc m each 
group 


( 2 ) Record the tabular differences (d) for 1 ' for logsm Ci, 
log sm b,, etc 

(3) The corrections to be applied to the se\eral angles are 
Correction to the angle Oi= m*. 


,, etc. etc. 

m wmen ba, bt, bf. etc ='€ne tabular cliTlerences Tor 
for log sm Uj, log sm bj, etc 

S(P= the sum of the squares of the tabular differences 
for 1* for log sines of the se\eral angles 
in' = the numerical value of the difference between 
(log sm <jj -f log sm Cj + log sm -f log sin gj) and 
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(log sjn bi + log sm -riog sm/j+Iog sin hi) 

The Signs of these corrections are determined as follows * 
If L log sm (L H angle) is greale" than 2 log sm (R H angle), 
the corrections to the L H angles are mmus and those to the 
R H angles are plus and Mce versa 

Due to the side equation adjustment the preMousljr 
adjusted values of the angles raav be disturbed slighth but 
seldom appreciably If neebssarv, both the adjustments should 
be repeated The method is illustrated m Table No 2 

Adjustment of a Quadrilateral with a Central Station — 



Ti/ 1 0 

Fig i“0 represents a quadrilateral \BCD with a central station P 
The central angles are denoted bv 9 10 11 and 12 the Left- 
hand angles bv 1, 3 3 and 7 and the Right hand angles by 
S, 4 6, and 8 

The conditions that must be fulhlled by the adjusted ralues- 
of the angles are 

Angle equations — 

(1) 1+2 + 9=180", (2) 3+4 + 10 = 180*; 

(8) 5 + 6 + 11 =180*. (4) 7 +8 - 12 = 180*. 

(5) 9 + 10 + 11 ^ 12 = 360* 

Side equation* 

Slog sm (1, 8 5, 7) = Slog sm (2, 4 6, 8). 

Proceeding exactl> similarh as m the precedmg case, we 
get the following equations from which the required values of 
the corrections maj be detennmed bj the method of CoireJates- 
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as e^plamed in the preceding case. The most probable i allies of 
the anjles are then obtained bj applying the corrections to their 
•obsened lalues 


ci+cj + fj (1) 

^3+C|+ei9 — (2) 

^s+c«— Cu =±i* ... . (S) 

+ =±Ar4 (4) 

'•.+ Cio+Cn+<‘i* =±/s (5) 

diCi— (fjCj-r d^i~ dfCt—diCs— dgC, 

+ rfyc,- e/»C4=< i AI (6) 

Sj^e* = a miDunum .. (T) 


Example — ABCD is a quadrilateral n ith a central station P, 
The angles measured at A, B, C, and D, and P ate os foUosrs 


L. H. angle 
2»40MS C' 
4 » 45 4 S 

6 « 46 50 0 

8 » 47 51 14 


R. H. angle. 

1 « 45* 36’ 10' 
3 *42 12 12 
5 =44 8 10 

7 = 47 54 6 


Central angla 
0 = 94* S' 48' 

10 = 92 43 40 

11 = 88 55 50 

12 =84 14 85 


Determine the most probable values of the corrections, 
(See Fig 179) 

Sate — The angles at A, B, C, and D are designated 
as L. H angles and R H angles according as they appear if 
■we face the central station P 

Let Cj, Cl, Cj, etc be the corrections to the measured values 
^)f the angles 1, 2, 3, etc. 

In theAP^- 1 + 2 + 0 = ISO* O’ 4'. 

I. error =a + 4' and the total correction = — 4 . 

PBC, 3 + 4 + 10 = 179® 59’ 57'. 

error =» — 3' and the total correction = + 8 • 
„ PCD. 5 + 6 + 11 = 180* 0’ O'. 

error = + 6* and the total correction = — 8 • 
PD 7 + 8 + 12= 179* 59’ 55'. , 

error = — 5' and the total correction = + 5 • 
•Central angles : 9 + 10 + 11 + 12 = 359* 59' 53'. 

. error = — 7' and the total correction »=“ + ‘ 
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The conditions which must be satisfied are 

(1) Angle equations — 

(a) The sum of the angles of each of thetnangles PAB' 
PBC, PCD, and PDA must be equal to ISO* 

(b) The sum of the angles around the common vertex P 
must be equal to 360° 

(2) Side equation — - 

L (log sin. L H angle) = 2 log (sin R H angle) 

Now S (log sm L R angle) = 1 394al94 


and S (log sm R H angle) = 1 3944610 
By condition (la) 

+ c, = - 4' (1) 

Cs + Cl + Cj# = + 3' (2) 

Cs C« + fu = - 6' (S) 

c? c, + c,. « + o' (4) 

M , (lb) c» + C|o+ <^ii +<^i* “ + (5) 

By condition (2) 

— 20 6c^ -J- 24 8ff4 — 23 Sc, + 21 Oc, — 21 7cj + 19 7f, 

— 19 Oc, + 19 ICs 5S4 (6) 

the theorj of least squares SiC**® a mmiraum (7) 
Differentiating the equations 1 to 7, we get 

Sci + Scj T 5c, = 0 (I ) X - X, 

8c, + Sc, 0 (2) x-X, 

Scj 4- Scg - 5cii= 0 (3 ) X - X, 

Sc; + Sc, + 5ci.=» 0 (4) x-Xg 

Sc, 4- Scjo-l* 5 Cii 4- BCj, =0 (5) x — X, 

-20 GScj4-24 85c,— 23 25c,-i-etc=0 (6) X — X, 

CgSc, 4- c,Sc, 4- CjSc, 4- etc. « 0 (7') 


MuUipljmg the equations 1 to 6 — Xj, — X, etc, and 

adding them to equation 7 and then equating the coefficients 
of each Sc to 0, we ha%e 
I L n-15 
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‘^1 = ?1 - 6 X , 

~ 8)g 

•^9 =* Xj - 23 2X, 

C4 = ?2 + 21 0)< 


■r. = 1. - 2I.7X, c. =1.+ ,. 
<■. - >j +19 71, c„ =1,+ !, 

t7 = l.-19 0>, c„ 

'.-J^ + 19 1). c„ 


- - • D -ij — Ag-r Aj 

Iiisertmg these t ataes in the original equations 1 to 6, we ret 
3 >‘i + 1i + 4 2), = _4- 

3Xi + Xi_22,,= +3. ‘ 

3X> + >1 - 2 OX, = - 6- ' 

31.4-). + 0 1), = +5- 

X, + l. + l, + x,q,4j^^^j, 

20 6(X.-20 61,)+21 8(i,+24 8X,)+ete —584 (e’) 

K : + Xj -j- Xj + Xg) jts value, viz (7 — 4X,) u 
obtained from equation (o’) Thus ae gel X, - ° 

s 

Substitutini? this valu^ i 

the values of ), x. X .n4 f ‘ 'loetious 1' to 4'. we get 
'i, A,. Xj, aod Xg u terms of Xg 

^ o ~ ^ ’ X* = 0 042 -r 0 rsX, , 

0 eex, , and ?,g = 0 708 — 0 037X, 

(O'). wehave"x,* = 'J^riota 

values of )„ X etc Knofuig the value of X. find the 

L’Zlnv?!’ = 

X4 +0 714 , Xg =S -}- 2 878 
Substituting these lalnes n. e, =. X.- 20 eX. , 
ti— X, n- 24 8X, , etc , we get 
'1= +1 259 e, =: +s 781 

ei=-6 069 e. = _23e8 

e.= +3 6e8 e. = +0 807 

e.= -3 465 r„= + :797 

e„=_0 192 
e„= + 8 587 
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Chech — <?!+ Cj+ c# = — 4' 003 | ^7+ <^g + <^18= 4* S' 000 

‘^54'<'i+Cio= + 3' 000 I + — +3* 99 

+ — 6* 000 I 

Adjustment of a Polygon with a Central Station — 



Tig 180a Fig 180b 

1 When the Central Station ts not Occupied —The central 
station P may be mside the polygon as jn Fig 180 a at outside 
the poljgon as shown m Fig 180 6 In Fig 180 a let ABODE 
be a polvgon w ith a central station P which u not occupied (ue 
the angles at P are not measured) The angles measured at 
the stations A B etc ma) be designated b\ the numerals 1» 
8 5 7 and 9 being the left hand angles and *> 4 6 8 and 10 
the nght hand angles 


The conditions whicli roust be fulfilled bi the adjusted 
angles are 

Angle equation The sum of the ten interior angles must 
be equal to 540® 

Side equation The sum of the log smes of the left band 
angles must equal the sum of the log sines of the nght hand 
angles 

The side equation results from the condition that if one 
side ( \P) be calculated from another side (BP) by two routes, 
the results shall be equal 

Lctc, c, Cj etc be the corrections m seconds to the observed 
values of the angles 1, 2 3 etc respectu ely 

dj d, dj etc the tabular differences for one second for 
log sm 1, log sin 2 log sm 3 etc 
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Then we have 

By condition (1), Cj + c,+ Cj + C4 + cj + ct+Cr t e« + <■» 

+ =* ± * ( 1 } 

By condition (2), d,*, - + djCj + d^cs — dtC, 

+ djCf — djfj — i (2) 

By the theory of least squares, +e8’+V4*+V 

+e»®4- C7*+c»*+ Ca*+ Cio®— a mmimum (8) 

To determine the most probable values of the corrections 
the method of Correlates maj be used The adjusted values 
of the angles may then be found b\ applying the coirections 
to their obsened values 

n. When the Cenlral Station P ts Oceypied — (Fig 181) 
Denoting the angles measured at P bj 11, 12 etc , we get the 
following equations of condition 



Angle equations — 

(1) The sum of the central angles at P must be equal to 
SCO® 

(2) The sum of the three angles of each triangle must be 
equal to 180* 

Side equation — 

(3) The sum of the Jog sines of the left hand angles must 
be equal to the sum of the log sines of the right hand angles- 

The side equation arises from the condition that the poly* 
gon may not be distorted 
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Let Cj, Cj, etc. be the corrections to the observed values 
of the angles ], 2, etc. 

dj, dj, etc. the tabular differences for one second for 
log sm 1, log sin 2, etc. 

Then we have 


By condition (1), cu+ c,j+ C 134 - Ci* Cis 

= ± 

( 1 ) 

By condition (2), cj + e^ Ch 

~ -A- kf 

(2) 

Cs-^Ci + Cu 

“ i ^3 . 

( 8 ) 

^6+^8+ <^11 

= ±u . 

( 4 ) 

Cl + ^6 + Cil 


( 5 ) 

C« + C 10 + C,5 

±kf . 

( 6 ) 


By condition (3), diCj— d*Cj+ djCs— d 4 C 4 -f- ds^'s— 

+ d|C4+ d/*— djoejD = i if ••• (7) 


IS 

By the least square condition, 2ic* = a mmimuin ... (8) 

The rest of the procedure is exactly similar to that shown in 
the example on page 433 


Example — ABODE is a pentagon witli an interior station P. 
The following are the angles observed at A, B, C, D, and E 
between each side and the line to P.the station P being unoccupied : 


L. H. angle. 

1 = 20 ” 12 ' 6 * 
3 = SS” 24' 20* 
5 *= 84“ 48' 24* 
7 =* 82“ 54' 36* 
9 = 42* 6' 48* 


JR. H. angle. 

2 = 50 * 10 ' 10 * 
4 = 49* 15' 12' 
6 == 62* 10' 30' 
8 = 30* 28' 24* 
10 = 47“ 23' 18' 


Determine the most probable values of the angles. (Fig. 180o). 


Let Cj, Cf, Cj, etc. be the corrections in seconds to the 
observed angles. 


The conditions to be satisfied are 


(1) The sum of the ten interior angles must be equal to 540*. 

(2) Slog (sm L. H. angle) = 2(Iog sm R. 11. angle). 
Now the sura of the observ ed angles = 539“ 59' 48*. 

Error := — 12* ; hence the total correction = -f 12*. 
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^ log ( sm L H angle ) =. i 3SI8O39 , 

Slog (sinE H angle) =T"3 si928q 
B n condemn (I), e.+e,+ e,+ e.o- e,+ e,+ e,+ e, 

+ o. + e„=. + 12- |,j 

(2) 42 8e, - 17 6e, 4- n 5^, _ jj _|, j 
>1 lo. + 2 6c, — 25 6r, + 23 Sc, 

- 12 40i.= + 1221 jjj 

for one seconds tag “'theangl" l^TelT'' 

ProeeMi'ng' SreTamS'’"' “ '™’™ <*) 

1 m me example on page 433, we hare 


ZjSc « 0 

42 8Sc,-lr OJc.+ u 5Sc.-ele 


»') 

(2) 


<2) 

p«t.X“’r^a;dXisr;:‘‘”r 

the coemcients of each Jc to LcT*” e 

= n, 

= + 2 6X| 

= >i- 2o 6X, 

= >1+ 23 3), 

-lo— >1- 19 4>, 

ha\e equations 1 and 2 


^J= >3+ 42 8Xj 

e,= Xj- 17 6Xj 

^»=>'i+ 14 5X, 
‘^*=>1-18 IX, 

‘‘i=X,+ 1 gXj 


" e ha\ e 

lOXi- 6 7>,= + 12 
® '>1+ 4387 Ca>,= 4- jooi 

from nh, oh 1,,,. 38-2. J^l'o 2301 

oorrechona are obtamed bj msertmg the 
8X, c,= Xi— 17 6X, etc 


(!') 

(2-) 


.aiuca oi ine correctio 
Tatars ofl, and J, ui r,=. 1,4.42 
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Wience, 

Cl = + 13 39 secs c, = — 1 “3 secs 

C 2 =* — 3 55 ,, Cj = + 2 12 , 

f, = -i- 5 45 „ Cg = — 5 79 „ 

Cg = — 3 GO , Cg — T " 92 

Cj = + 1 92 , c„= -4 05 „ 

Check 2 j°c = — 30 80 — 18 81 =s ~ 11 99 secs 
The most probable \alues of the angles are 


Angle 

Ohsen ed 

>alue 

Correction 

Adjusted laluew 

1 

20“ 

12 

6' 

+ 

13' 

39 

26“ 

12 

19' 

39 

2 

50 

10 

10 

— 

3 

55 

SO 

10 

6 

45 

3 

55 

24 

20 

+ 

5 

45 

o5 

24 

25 

45 

4 

49 

15 

12 

— 

3 

09 

49 

15 

8 

81 

5 

84 

48 

24 

+ 

1 

92 

84 

48 

25 

92 

6 

62 

18 

SO 

— 

1 

73 

62 

16 

28 

27 

7 

82 

54 

30 

-p 

2 

12 

82 

54 

88 

12 

8 

39 

28 

24 

— 

5 

79 

89 

28 

18 

21 

9 

42 

0 

4$ 

J- 

7 

02 

42 

6 

55 

92 

10 

47 

23 

18 

- 

4 

05 

47 

23 

IS 

95 







Sum 

e 539“ 

59 

59* 

’ 99 


THREE-POINT PROBLEM 

Computation of the Position of a Station from 
Obseriations to Three Enonn Points 

Three-Point Problem — ^Vhcn the mam tnangulation has 
been completed, it is frequently found necessar. to locate addi- 
tional points vrUicb. ate suhsequentli used as mstcument stations 
as m topographic sun es This problem also arises -when it is 
required to locate on plan the position of an obsener in the 
boat as m hidrographic suncy The methods bj ivhicb the 
three-point problem maj be soli ed are ( 1 ) mechanical (u) graphical, 
and (uj) analjtical The anaKtical method is used in more 
precise \sotk 



'456 


eORVEYINC AND LfcTELUVa 


Analytical Method — ^Figs 182, 183, and 184) 

In mmoT triangulaboa the position oi an instrument station 
O IS determined by measuring 
each of the two angles subtended 
at it by the three stations A 
B, anti C whose positions are 
known by means of a theodolite 
( or by means of a sextant m 
h> drognphic sun ey ) and by 
soUmg the triangles AOB and 
BOC Since the positions of sta 
tions A B, and C are known, the 
sides AB and BC, and the angle 
ABC (B) of the triangle ABC are 
known From this data and from 
the observed ^aiues of tlie angles \OB and BOC, the angles 
BAO {*) and DCO (y) can be computed JCnowmg the angles * 
and y, the distances OA OB, and OC may be determined by the 
application of the sme rule 

In Fig 182, let A B and C » the stations of known 
positions 

e * the distance AB , a = the distance BC. 

B = the ancle ABC , i~ th® angle AOB 
K *= the angle BOC , 

X = the angle BIO, y *= the angle BCO 
<» =360*’ - ( +B) 

Then from the A OAB. OB 

sin «<i 



„ „ OBC, OB = 

Sin o<2 

c sin a; a sm v c sin ,< , sin x 

*= — or sin y 

sui < , sin K j 0 sin << i 

Substituting the value of y — ®), we get 


sin (0 - x) 


e sm I sin X 
a sin aCj 
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or sm 0 cos x — cos 0 sin ar =* 


C sm eC, ^ 
asm eCj 


Dividing both members of the equation by sm 0 sin 
we have 


a sm << I sin 4 


. ( . c sin «< , sec 0 1 

r cot z *= cot 0 { 1 + = } 

a sm -^2 J 


... (1) 


Knonmg z, the angle t/ may be obtained from the relation 
y — 0 — X 

VPhence. from the A OAB, OA = , OB = ■ 

sm<} sin .<2 

t A nn/- a sm « osinOBO 

from the A OBC, OB ; OC » . 

sm »< 3 sin «< 3 

in which A.BO « 180* — a — ^ ^nd OBC = 180* — — K j. 

AlUrnaUve Methad The unknown angles BAO (a?) and 
BCO iy) may be deteiromed from the formula 

tan cot 4- 45*) tan - 

where ({. = J (z — y) j 0 a: 360 
- _c sin<. 


( *<1 + <1+ B ) =« + y; 


Having found the value of »{» the \'alues of x and y may be 
determined from the equations 

^ (» +j) = * ai)4 ~ (I- s) = 

The derivation of the formula is as follows : 

tan I (jf — y ) ^ sm j ( g — y) cos | ( j + y ) _ si sm y 

tan J (z +y) sin i {x +y) cos J (* — y) sin x +siny 

1 - 

an X 

(a) 


1 + 


any 
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"Now as derived m the first metbod. 

sin X a sm 

Let — — = tanff. 

a sin s(j sm it 

The equation (a) may, therefore, be written 

1 

tan i (® — 9 ) sui X t — tan a 

tan i (x + y) ^ ^ sin y it -f- tan 9 

sin X 

. 1 — tan e 

Hence tan ^ (g - y) ^ 

tan 4 <x + y) ‘ 

Substituting the values o£ J (* — y) and J (* + y)‘ 

tan 4 . = cot (« + 45’) tan -i. 



Fp. 163 fig I8t 


Three cases arise according to the position of station 0 
with respect to three stations A, B, and C. 

Case I ; Stations B and O are on opposite sides of AC. 
^Fi? 1S2) 

Case II Stations B and O are on the same side of AC. 

(Fig 

Case in : Station O is within the triangle ABC. (Fig. 1®*). 
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It may be noted that m case II, 360*— ^ABC must be used 
instead of/. ABC (B) m findmg the value of 0 from the relation 
0 = 360* — { 2 "n ® ) 

The solution of the problem is indeterminate when station 
0 lies on the circle passuig through A, B, and C, 1 e when 
<1 + •<- + B - 180*. 

Examples on Three-Point Problem 

Example 1 — A, B. and C are three visible stations m a 
hydrographical survey The sides aB and BC are 3335 m and 
3713'9 m respcctnely and the angle \BC is 100* 20 30* The 
angles observed with a sextant between A and B, and B and 0 
from a soundmg boat at O are 30* 12 20* and 52® 48' 40' res- 
pectively. The points B and O are on opposite sides of AC. 
Fad the distances OA, OB, and OC 

(See Pig 182) 

(1) Let ,/BlO ^x; /.BCO ^AOB=» <1= 89* 12' 20% 
/.BOC = «<,= 52*48'40'; AB = c » 3325 m 5 BC«o«.8712 Om. 
Now the angle x may be obtained from 

^ ^ , c sm <. 1 

cot j: s=s ^ cot 0 + — } 

a sm 

where 0 = 360* — (-<1 — •{2 + Z.ABC) 

« 360* — (30* 12' 20' 4- 52* 48' 40' + 100® 20' 80*) 
=. 167* 3S' 30' = I + 9 

.*. cot X = |cot 167“ 38' 30' 

3325 sm 52® 48' 40' j 

3712 0 sin 30* 12' 20* sm 107* 38' 30' j 
= { — 4 5640863 + 5 2734061} = 0 709319S 
or 54*89' 4'’*J3; X + »/ = 167* 38' 30' 

y =112* 59' 25''87 

(u) In the AAOB, /.BAO =« = 54* 39' 4'-13 ; 

Z.AOB — <i =39* 12' 20'; 

/.ABO = ISO*— X — K, 

= 180*— 54®S9' 1' 13 —39* 12' 20' = SC* 8' 35'*S7 
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The distances OA and OB may be obtained by the smc 

J rule. 


OA = 

AB sm ABO 

3325 sm 86*8' 35''87 




sin 

sinSS* 12' 20* 





= 5248 295 m 



OB e= 

AB sin a* 

3325 sin 54* 39' 4'*13 




sin <j 

sm 39* 13' 20' 





a= 4290 46 m 


In tlif ABOC, ^OBC 

= ZABC - ^ABO 



== 

100“ 20' 30' 

86* 8' 35' 87 = 14* 11' 54'* 

13. 

Then 

OB = 

BCsmy 

3712 9 sin 112* 59' 25'-87 




sm K- 

sia 52* 4S' 40' 





as 4290 46 m 



OC » 

BC sm OBC 

3712 £> sin 14* ll'54'*18 



sin «< j 

sm 52* 48' 40' 





a 1143 163 m. 


Alternative method — The angles r and y may be obtained from 




+45*)Ut\|, 


where (J* “ ^ — i/) » tan 9 

_ c sm < . 



- 


o sin <<i 



^ i if) = J (SCO" - - K, - /.ABC) 


Now 

tan 0 = 

3325 sm 52* 

. or loc tan ^ *=0*0525555 



3TI2 9 sin 89 

“ 12 20' 



Q = 

IS’ 2t 30' 08, Mvd 0 + 45® = 03* 27' SO' 

'•os; 

Now 

0 

1G7®3S 30* 

A 83* 49' 15*. 


Now 

tan 

= cot 93* 27' 

'30' 03 tan 83* 49' 15' 


or 

log tan ^ 

= -1 74C7: 

rsc 



u 

1 

II 

10'-04 

(0 

Now 

H*+i/) 

= S3* 49' 

is- 


H'- y) 

= -29" 10' 

10'-64 .. 

(2J 
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By adding equations 1 and 2, we get x = 54® 39' 4'* 36 
By subtracting equation 2 from equation 1, we have 
y =112* 59' 25* *64. 

Example 2 — ^The followmg 6bset% ations were made on 
three stations A, B, and C from station O, stations B and O being 
on the same side ot AC 


Z.AOB =30''23'12', ^BOC=40®36 48',AB=2112 5 m. 
BO = 2537 3 m . 2IABC = 125“ 12' 20'. 


Detennme the distances OA, OB, and OC (see Fig 183) 

(1) Here < 1 =» 30“ 23' 12' . = 40“ 36' 48' , 

c = 2112 5 m a = 2537 5 m. 
d=360® - { <1 + + (360“ - 4ABC)} 

or =^ABC — in, = \25“13' 20'-50®2S'12'— 40®S6'48' 
« 54 “ 12 20'« X + y 

It maj, be noted that since B is towards 0, SCO" — ^ABC 
must be used instead of \BC m finding the value of 0 from, 
0 ®* 800“ - *< 1 - < , - / \BC 


Then bj coti: = lcot0H sm ^ 

(. a sm < , sm 0 J 


cot ® & |cot 54“ 12 20' 
«=2 0419032 


we get 
2112 5 sm 40“ 80 48' 


2537 5 sin 30“ 23 12' sin 54' 


I" 12' 20'| 


/. X = 2G* 5' 34' 12 and y = 28“ 6 45' 88 


(ii) In the A AOB, x = 2G"5'St' 12 , <1= 30“ 23' 12' and 
4 ABO =m“3V 18* 88. 

In the A BOC, y ~ 28“ C' 45' 88 = 40“ 36' 48' and 

4CBO = 111“ Ifi 2G' 12 


AppUing the sme rule, we have 


Prom the A AOB, 01 = 


2ll2 3 5ml23“3l’13' 8S 
«n30“23 12' 


= 3490*715 m. 


2112 5 sin 26“5'34' I2 


- = 1830*838 m. 


OB 
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From the A BOC, OB = gSS7 3 sm^°6_45‘’ ;8S ^ ^ggc.ggc 
sin 40“ 36' 48' 

OC = 25375smll£iy^2 ^ 
sm 40“ 36' 4S' 

Alternative method* — 

. ^ 2112 Ssm 40“ 36' 48' 

tan 4 « or « =* 46® 5S 23 *29 

2537 S sm 80“ 23' 12' 

0 + 45“=. 91“ 58' 23'*29. 

0 

Now tan = cot (0 + 45 ) tan _ 


= cot 91“ 58' 22' 29 tan 27“ 6' 10'. 
or V = — 1“ 0' 33' 89 

Now J (* + y) = 27* C' 10' 

4 (x — y) = — 1“ 0' 85' 80 
Solving these equations, we have 

X =.26“ 5' 34' 11 and j/ = 28“ 6' 45' -SO 
Example 3 — Calculate the distances OA, OB, and OC 
and their azimuths from the following data : 


Line. 

Azimuth 

Length m m. 

AB 

70“ 54' 58' 

1741-5 

BC 

186“ 23' 48' 

2728*5 

CA 

329* 9' 4' 

2703-39 


At a station O within the triangle ABC, the measured angles are 
AAOB=85“40'15', AB0C=>146“32 10', AC0A=127“ 47' 85'. 
(sec Fig. 184) 

(0 Let aAOB= <i=85“40'1S',ABOC= < j«146* 32' 10'; 

ABAO «x, ABCO =.y 

AABC = aaunuth of BA — axunuth of BC 

= 250® 54' 58' — 186“ 23' 48' = 70“ 31' 10' « B. 
Now * =860“ — ( K,+ <<t +B) 

= 860“ — (85“40' 15' + 146* 32' 10' +70® 81' 10') 
= 57“ 16' 25' = X + y 
H* + y) = }« = 28“ 38’ 12'*S. 
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, e Sin <, 1741 5 sm 146 32 10 

Let tan = 0 ^ 

a sm «<i 2'^25 8 sm So 40 15' 

or log tan 5 =T S477161 

0 = lO" 26 26' 18 and 6 45®= 64® 26 26' 18. 

Let y = i (a — y) 

0 

Now tan y = cot (© + 45®) tan ^ 

= cot 64® 26 26' 18 tan 28® S8 12 5. 
or log tan 41 =T 4168S72 y = 14® 38 8' 98 
Now J (2 + y) = 28® 3S 12' 5 and i (x — y) — 14® 38 8' 98 
X = 43® lb 21' 4S and »/ = 14® 0 3' o'* 

To daecL the results the \alue of x ma> be obtained from 

c r X . c sm -Cj I 

•cot J5 = I cot 0 > 

{ a sm <1 sin « J 

r . ^ . I'i! o sm 146® S'* 10' "I 


CO* S" 16 2o' + 


-•28 5 sin 8 j® 40 15' sin S"® 16 25' 


ts 1 06O1904 X = 43® 16 '»!' 4" and t/ = 14® 0 8' 58 
(11) In the \OB x = 43® 16 21* 43 <1= 80® 40 15' 
40B\ = ol® 3 23' 52 

lathe A BOC y »= 14® 0 3' o'* .<,= 146® 32 10' 

AOBC = 19® 2“ 46' 48 

Check —aB = ZOB4. ZOBC = 51*3 23' o2 +19*27 46' 48 
^-O'Sl 10' 

- 1"41 osm 51®3 23' 52 „ 


1’'41 5 sm 43® 16 21’ 48 


"28 5 sm 14® 0 3' S*' 


Sin 146“ 32 10' 
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(m) Azimutlis of the lines — 

Azimuth of AB *= 76*o4'58' tiO Azimuth of BC = 186®23'48*'00 
Add Z. X = 21' 48 Add Z.OBC =:» 19°27'46*»48 

Azimuth of AO = 12Q*ll'19' 48 AzimuthofBO = 205°51 3r'48 

Add 180' = ISO' Deduct 180* =:»180* 

Azimuth of OV =300*11 19'‘38 Azimuth ofOB= 25*51 34'*48 
Ajigle BCO^ (y) = H'X 3' 52- 

Deduct azimuth = G“23 48' (Azimuth of CB= azunuth of 

of CB BC - ISO') 

Azimuth of CO ^ 7*36 is* 52,ant!clockwise from North 

or „ „ =352*23' 44 „ ,, 

Deduct 180* = 180* j 

Azimuth of OC =172*23 '44* 48] 

Check — <1 = difference of azimuths of OA and OB. 

300* 11' 19' 48— 25* 51' S4''48 
= 274* 19 45'=360*— (274* 19' 45')= 85*40' 15' 
•<1 = difference of azimuths of OB and OC 
= 172 * 23' 44'*4S — 25* 51' 34' 48 
= 146* 82 10*. 

(it) If the co-ordinates of stations A. B» and C be pven 
the CO ordinates of station O may be calculated by first findmi’ 
the latitudes and iJej-attures of OA, OB, OC from their known 
lengths and azimutl s, and then adding them algebraically to the 
respective co ordinates of station The co-ordinates of station 
0 are thus obtained in three vrajs 

Adjustment of Level Work 

Measurements of Equal Weight : — 

If the difference of elevation of two points is found a number 
of times under exactly similar conditions, of in the same manner 
and over the same lengtli, the anthiaetic mean of several measure- 
ments is the most probable value of the difference of elevation 
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betweea the given points The probable error of a single measure- 
ment of unit weight is gi\ en bj the formula 

p, =0 674=7^^ (1) 

•where u = the residual i e the difference between the 
measured \alue and the arithmetic mean 


n = the number of measurements 


p e of the arithmetic mean 


0 6745 


/ E»= 


( 2 ) 


Measurements of Unequal Weight — 

If the difference of le\el of two points is determmed in the 
same manner, and over the same length but under such condi 
lions that the measurements must be regarded as of unequal 
■weight the weighted arithmetic mean of several measurements 
grtes the most probable value of this difference of le%el The 
probable error of a single measurement of unit weight is gi\en 
by the formula 

p e -=0 6745 J ( 8 ) 

where w = the weight of measurement 

The probable error of any measurement of weight id is 
given by fonnula 

The probable error of the weighted arithmetic mean is givan 
bj the formula 


p e =0 


6745 


I Sot* 

V Sic(n — 1) 




Duplicate Lines — In precise loelling a Ime is run twice 
o\ er the same route with the some care, but in opposite direc- 
tions Such a line is call'd a duplicate line of levels In such 
a case the most probable value of the difference of elevation 
of any two pomts is the average of the two results and the 
probable error of a single measurement is given bj the formual 
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" = ± - (S) 

P - 1 of the ariUunetic mean = — o-SStaj 

in 

of cta.Z'ofTr”^*''? nf tte ddferac 

-•alues "■ S"™ ““ foUo™!; observed 

Obsen-ed \alues • 4G-50S . 40-546 
rf = 46 568 — 46 546 = 0-022 

o I of 4769 X 0-022 =±0-0105 

P f the arithme'ie mear. =0 33T3 x 0 022 =±0-0071 

\rikhmetic mean a 5W^^6-M6 « 4C-557. 

. Jlost probab!e \alue = 46 337 i 0*0074. 

Sectional Lines — If a line of le\els includes one or more 
tntennedute bench marks, it is regarded as made up of a senes 
«nnecting these bench marks, each section being 
regarded as a duplicate Ime 

d.iT.™' /’■ f" 'be most probable values of the 

. ® elevation betireen the successive bench marks, 

rj, the probable errors of the several values 

probable laluc (D) of the difference of 
elevation between the terminal bench marks ,s 

^ T . ... T if, = 2d ... {7) 

and the probable error of the total difference of elevation {D) u 

p. e. = v'c7 


^ e,* + ... + e,* = VLe* 


( 8 ) 


General Laws of the Probable Errors and 
Relative Weight 

Under the same conditions of measurement the probable 
error of a line of lesels vanes as the square root of its length.” 

- , tfie same conditions of measurement the weight 

Icnnii oTth ^ varies inversely os the 



TRIANOULATION ADJUSTMENT 


46r 


Multiple Lines : — (Fig. 179). A set of the two or more lines 
connecting the same two bench marks is called a multiple line 


A 

Fig 185 

of levels. Each line should be weighted inversely as its length. 
The most probable value of the difference of elevation between 
p the terminals of a multiple bne is then the 
weighted arithmetic mean of the observed 
V'alues, and its probable error js obtained 
from the formula (4). 

Intermediate Points — ( Fig 180) 
Points are said to be intermediate when 
they he only on a single line of levels and 
have no influence on the general adjustment. 

In this case, the discrepancy is to be 
distributed m direct proportion to the 
distances from the intitial pomt. 

Example: — The adjusted values of I*, 
and P are 25*508 m and 27*794 m respec- 
Fjg 186 tively In the line of levels (Fig. 186), 

the following are the observ ed differences of devation : 

L to M=H-0*809m.; M toN =—0*908 m.; N toP = -f2*442in. 
Find the most probable values of the elev’ations of M and N. 
From the given differences in elevation, find the elevations 
of M, N, and P, commencing from L, 

Elevation of L = 25 568. 

.. „ M « 25 508 + 0 809 = 20 377. 

.. „ N=2G 377 — 0 908 =25*409. 

>. P= 25-409 + 2*442 = 27*911. 

Biscrepancy =27*911 —27*794 = + 0*117 m. 

Total distance = lj+ 3^+ 5 = 10 km. 
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Correction to M = L? x 0 117 = 0-0176. (- ve) 

10 

Correction to N = — X 0*117 = 0-0583. (— ve) 

10 

Then the adjusted elevations are 
L •= 25 563 

5I = 26 377 — 0 0176 =20 3304 =26*359 m 
N=23 469 — 0*0535 =23*4105 =25-411 m. 

F = 27 9U — 0 117 =27 79t m. 

Closed Circuits — (Fig 187) In level work a circuit is 
^ said to be dosed when a line of levels 

■ V. «Dd:> on the initial point or fonns a sin* 

gle closed ring In this case, it i$ mfl 
[ j only once under the same conditions 

V J The most probable values of the 

^ elevations of an) points femimg a closed 
circuit ma) be found by distnbutmg 
Tig the discrepancv among the observed 

elevations in direct proportion to the respectiv e distances from 
the initial point The discrepancy or the error of closure, as 
It IS called, is positive, if the observed value of the initial point 
u too high, and vice versa 

Example — The following are the observed differences of 
elevation for the points forming a closed circuit : 

A to B = + 0 823 distance = 2 kra 

Q to C = — 1*7&9 „ =1 ,. 

C to D = + I 135 „ =3*5 „ 

D to \ = — 0 354 =2-5 

Adjust the elevations of B, C, and D, given that the elevation 
of A =50*752 

Elevation of A = 50*732. 

„ of B = 50*732 +0*823 = 51*575. 

of C =51*375 — 1*709 = 49*366 
„ of D = 49*866 + 1*133 = 51*001. 
of A = 51*001 — 0*354 = 50*647. 
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Discrepancj — 50 047 — 50 752 = — 0 105 

Total distance *= 2+1+35+25=9 km 

.* Correction to the elevation of B = + — (0 105) = + 0 023 
9 

, „ C = + ^ (0 IOj) = + 0 035 

, „ D -= + ^ (0 103) = +0 0758 

Hence elevation of B =51 575 — 0 023 = 51 598 

„ of C = 40 86C + 0 035 = 40 901 

„ of D = 51 001 + 0 0"G = 50 92o 

„ of A = 50 04' +0 10a = 50 7a2 

Adjustment of a Level Net 

A leiel net is an interconnecting net uork of level circuits 
formed bv level lines interconnecting three or more bench marks 
The method of least squires may be used m odjustmg a level 
net The most probable values of the several differences of 
elevation between the bench marks roav be determined (1) by 
the method of Correlates or (2) by the method of normal equations 
The most probable values of the elevations of the bencli marks 
may tuen be found by combinmg the corrected lev el differences 
Another method is to find the most probable wlues of the eleva 
tions of the bench marks directly from their observed values by 
the method of normal equations The weight that is to be assigned 
to the observed difference of elevation of the ends of a connectmg 
line IS taken as mv erselj proportional to the length of the line 
The method of Correlates is illustrated bv follow mg example (1) 

Example 1 — In running a circuit of precise lev els for four 
bench marks, the following level differences were obtained: 
(Fig 188) 

A to B = + 4 380 weight 2 , P to A = — 10 760 weight 1 , 

C to B = — 7 G20 „ 1 . B to P = + 12 520 2 

P to C = — 4 820 „ 2 , 

The arrows show the direction m which each line of levels 

•was run 
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Here there are t%so level circuits, \BP and BPC Let Cj, c„ 
fj, C|, and Cs be the corrections to 
thele\el dilFerences A.B, CB, PC, PA, 
and BP tespeclu ely, and Wi W'j, tr^ 
tTj and icj, their v eights respectively 
The total error w the level circuit 
ABP = 4 380 + 12 520 — 16 760 
= + 0 140 
The total correction^ — 0 140 
Similar!} , the total error in the level circuit BPC 

=a 12 520 4 820 — 7 620 => -f 0 OSO 

The total correction = — 0 OSO 
Now the equations of condition are 

c»+ c**- “ 0 1-10 (1), — 0 080 (2) 

By the theory of least squares, £*icc* a mmimuia (8) 

Differentiating the three equations, we have 
Sci+ Sct+ 5ct=» 0 (4) , 5c,+ Scj+ Sc*** 0 (5) 

and iCjCi5ci4- tPjCjScj4 - tPjCj8c,+ tc<c«5ct4- iPjCjSCi = 0 (6) 

Multiply the equations (4) and (5) by — and— X* respec- 
tive!}, and add the results to the equation (6) Equate the 
coefficients of each Ic to zero Then we have 
B'jCx=Xi, iTje*— Xi, rCjCa =« >^ , W4Ct=?^i, and rCjCj= +^i. 

Now substitute these values of c,, c*, etc in the original 
equations ( 1 ) and ( 2 ) 

Ttm f ' +i -0 140 (1) 

\ IT, tcj Kt/ tr* 

and >. 1 + — 0 OSO - (8) 

iTj \ tr, IC, w?,/ 

Insert the v alues of if, tc,, etc , in equations (7) and (8) 
Hcrewj=2 tc,= i 2 , 1 , iP|» 2 
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A (i+i+l)>'i+i>-2= - 0 14 or 2>J+ 0 5Xs= - 0 14 .. (9) 
iX,+ {l+i+i)Xj= — 0 08 or 0 5>| J- 2'>^= — 0 08 (10) 

The solution of these equations gives the \alues of X, and X| 
Xj = — 0 064 , Xi = — 0 024 
Finally, obtain the \alues of Cj, e, etc 



024 


0 024 


— 0 012 




+X , ^ _ 0 ^ 

tts 2 


0 044 


hence, the adjusted differences of elevation are 
A to B » + 4 380 — 0 032 =* + t 348 

C to B *= — 7 C20 - 0 024 = — 7 644 

P to C — 4 820 — 0 012 = — 4 832 

P to 4. = - 16 700 — 0 064 =* — 16 824 

B to P = + 12 520 — 0 044 = 4- 12 4*'6 


Check — + 4 348 +12 476 —10 824 *=0 
+12 476 — 4 832 — 7 644 =0 

If m the abo\e CTaraple, the true level difference of A to C 
IS gnen, v,e ln\e another equation of condition Suppose, for 
instance, C is known to Ve 11 970 m abo%e A, 


Thtw the eqMatiOTkS of oowdAvon vtz 
^i+fs+Ci = — 0 140, c,+ c,+ej= — 0 080, andc,— Cj=3 — O 030 

It maj be noted that the correction to the lc% el difference in 
BC is opposite m sign to that m CB The rest of the procedure 
IS exactlj similar to that in the above example 
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Following the abo\ e procedure e^actlj , we get 
Sct+Sej+J<;«=0, 5cj+?fs*r8fj=0, Sf.= 0 ,and S*irc5c*=0 


Multipl) mg the first three equations by — )vi, — >.*, and — )ij 
respectn eh , adding the results to the last equation and then 
equating the coefficients of each Sc to zero ne have 



«■* 



Xj + X* 
res 


Substituting the values of e, etc in the ortguial equations^ 
we have 

+ JL+ J.V -I- J-X,+ ix, 0 140 

XWl tCi ITj/ tCj to, 

-LXx+('i. + i. + -LV-i.X,«- 0 080 

W, \ tC| tCj tCj/ tp, 

— Xi — — Xj + =s — 0*030 

IPj Wj \ tCj ICj/ 


The solution of these equations gives the values of Xi> X|. 
and >3 and hence the values of Ci, Cj, C 3 , Ci and Cg 
The correct level differences may then be determined by applyml 
these corrections to the observed level differences 


Note —If the Ime is levelled twice in opposite directions, the 
averse of the two results should be taken as the observed level 
difference If the lengths of the lines are given, the observed 
differences of elevation must be weighted inversely as the length* 
of the lines 


The method of normal equations is best shown by the 
following erample 
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Example 2 ; — The field notes gi-ve the foUo-wmg results 

K to L = + 10-769 
I. to M = — 5-268 
to N = 4* 7-986 
N to P = — 6-012 
P to K = — 7 242 
L to P — 3 50C 
M to P — + 2 17S 

The arrow-heads show the direction in which each line is 
•ruti. The elevation of the bench roark K is 250 7S0 m It is 
n required to determine the most probable 

salues of the elevations of the other 
bench marks (Pig 189) 

Here the lines KL LM, MN, and NT 
are taken as the independent unknowns 
Let e,. e,. e, and c, be the correc- 
tions to the corresponding obsers ed 
diflerenccs of elevation Then 
the most probable values of the 
respective difTerences of elevation are 
K to L — — 10 7C9 + Cl 

L to M — — j 26S — Cj 

11 to N = ^ 7 980 + Cs 

N to P =s — G 012 + C 4 

Sjbstituting these values m the observation equations, we have 
z= 0 (weight J) 

Cj =0 (weight \ ) 

cj =0 (v.eight|) 

C4 « 0 ( weight i ) 

- c, — e, - C4 =s + 0-233 ( weight I ) 

*'* + c, T c« = — 0-212 t weight i ) 

Cj + f* — -f 0 204 ( weight § ). 



Fig 153 
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These equations ore formed b\ first finding the most pro 
bable % alues of the differences and then adding algebraically 
the values so obtained for the differences between the respectue 
points, and then comparing them with the obsened lalues 

e g obsened aalue, L to P = — 3 506 
Most probable \ alue I to M = — 5 26S + Cj 
„ , , M to N = -f- 7 9SG -r c, 

„ ^ to P = — C 012 fj 

Adding algebraically, we get 

L to P #= — 3 294 -f c, 4- e» + Cl 
» — 3 50C 
Cl c, + c, = - 0 212 

Forming the normal equations from the above reduced 
observation eouations, ne ha%e 


7Cx + 

2c, -t- 

2C5 + 

• 2C4« 

- 0 0469 

Sci 4 

1 2c, + 

7c, + 

rci = 

— 0 la29 

2ci + 

7c, + 

1 5<j + 

1 JC| = 

- 0 0710 

2c, + 

7e, + 

1 Icj 4 

1 85C| « 

- 0 0710 


The solution of these equations gives 

- 0 0345 . Cj =» — 0 1363 , tfj «= + 0 01 , 

C4 = + 0 0161 

therefore, the most probable values of the differences are 
K to L = + 10 7345 , L to M « — 5 4043 , 

to N = -f 7 0900 . N to P — 5 9959 , 

P to K = — 7 3503 , L to P =» — a 4042 , 

to P = + 2 0001 

The most probable values of the elesations are 
K = 250 780 m L = 261 514 m 
= 256 no m N = 264 106 m 
P =253 no m 

Alternative Method — In this method the most probable 
values of the elevations of the bench marks are found dirtlrt? 
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as illustrated below The appro-mnste values of the elevations 
of the points L, M, and P are 


K =» 230 780 


M =s 356 281 approximate 


+ 10 709 

L = 261 549 approx 


+ 7 986 
N = 264 267 


— 5 268 
M = 256 281 


— 6 012 
P = 258 255 


Let Cl Cs, Cs, and ci be the corrections to the above 
approximate \alues 

Therefore, the most probable \alues are 

L « 261 549 + e* . N = 264 267 + c, , 

M * 256 281 + , P “ 238 253 + a 

Substituting these lalues m theobscnation equations, we get 
K to L *= + 10 769 + Cl « + 10 709 

L to M — 5 268 — c, + c. =a — 5 268 

M to N = + 7 986 - Cj + Cs = + 7 986 

N to P *= - 6 012 - Cs + Cl « — 6 012 

P to K = — 7 47o — Cl =» - 7 242 

L to P s= — 3 294 — Cl + Cl = — 3 506 

’ll to P = -^ 1 974 — Ct + Cl = + 2 17a 


These equations should then be reduced and weighted 
inverselj as their distances 
Then 


Cj *= 0 

( 

weight 

5 ) 

— C. = 0 

f 


5 ,1 

— Cj-h Cs =0 



■* 1 

— c, + c* = 0 



25) 

— Cl «+ 0 233 



2 ) 

— f, 4- Cl = — 0 212 

( 

„ 

5 ) 

— c, +ci = +0*204 

( 


•4 ) 
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Forming the normal equations from these reduced observa-- 
tion equations bj the usual rule, we have 

1 5ci— 0 5e» — 0 Jf 4 = 0 1060 

— 0 oCiT 1 3c.— 0 4Cs— 0 4 c4= — 0 0816 

— 0 4cj+ 0 60C3— 0 25^4= 0 

— 0 ofi- 0 4ej— 0 25cs+ 1 35C|= — 0 0710 

Check — The coefficients m the first row and first column 
are evacth the same m \alue, sign, and order The same is 
true m the case of other rows and columns 

Sohing these equations we get 

c,« — 0 0318 , c, = — 0 170G , Cj = 0 1611 , 

C 4 S* - 0 1432 

Hence the most probable values of the delations of the 
bench marks ate 

K = 250 ^‘•O N =s 2C4 IOC 

I = 261 314 P ss 258 110 

M 256 110 

Effect of Curvature of the Earth 00 Surveys 

There are two effects of the curvature of the earth on surreys 
\iz (1) spherical excess and (2) convergence of meridians. The 
former is appreciable onU when the triangles are very large, 
while the latter has a v ery appreciable effect on surveys Due to 
the effect of the curvature of the earth, a straight line is cons* 
tantly changing its azimuth A line hav ing tht same azimuth 
throughout is not a straight line, but a parallel of latitude is 
such a line It is well to note here the distinction between the 
azimuth of a Ime and its bearmg 

Azimuth of a Line — The azimuth of a line AB may be 
defined as the angle between the plane of the meridian at A and 
the plane of the great circle passmg through the Ime AB. while 
the Tteverse azunutb, i c the azimuth of A from B w the 
angle between the plane of the meridian at B and the plane of the 
great cucle containing the Ime AB h.ow the meridians through 
V and B are parallel, only when A and B he upon the equator 
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m which case the azimuth of A from B is equal to the azimuth 
of B from A ± 18Q°. In general, however, the meridians through 
A and B are not parallel, but thej con\erge to the earth’s poles 
Consequently, the azimuth of A from B is not the same as 
the azimuth of B from A :t 180® 

Bearing of a Line — The bearing of a line AB may be 
defined as the angle between the plane of reference at each station 
and the plane of the great circle through AB the plane of refer- 
ence being parallel to some standard plane preferably near the 
centre of the area surveyed The fore bearing and the back 
bearmg of AB are, therefore supplementarv angles (or B B of AB 
“F B of ABilSO®) Contergenee or change tn ezinmth is the angle 
between the true meridian through B and the line through B 
parallel to the original meridian through A B\ computing the 
change m azimuth, we can check the accurac% of work m the 
case of a long open tras erse Suppose for instance a tra\ erse 
IS nin from A to B The azimuth of the first line An is determined 
by on astronomical obseriation The bearing of the last line 
say, pB with reference to an axis parallel to the original meridian 
through A is computed b> means of obseia ed angles The azimuth 
of the last line pB is then determined by an astronomical observa 
tion The computed bearmg of the last Ime pB will not agree with 
Its observed azimuth, since the meridian through B converges 
and meets the origmal meridian through A at the poles The 
difference between the computed bearing of 
the last line pB and its azimuth is equal 
to the comergence or change in azimuth 

In Fig 190 let P denote the pole, A and 
B any two points on the earth s surface AB 
the great circle arc , PA and PB the meridians 
tlirough A and B respecti\elj Then the 
azimuth of AB at A =Z.PAB while the 
azimuth of VB at B 180®— /.PBA The 
difference between these two azimuths is 
known ns the comergence of the meridians 
Denoting the angles PAB and PBA of the 
spherical triangle PAB bj A and B respective!) , the convergence 
of meridians is equal to 180®— (Ad-B) 


P 



Fig 190 
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The formula for the convergence of meridians (change m 
szimutb) maj be derived as fcJlows (Fig 184), 


Let e^ssthe latitude of A , «i=the longitude of A 
Os=s , , of B , 0 b= „ „ of B 

Cii= the convergence of the meridians =180*— (A +B) 
Tlien in the A PAB. PA = 90*- «* = i» , PB90*-«,«fl 
APB = the difference of longitude = — #b 


Noo- tam,(A + B)=?Slii2 — 

COS I ( a + 0 ) 2 

sin Kfli + fis) 

1 e cot (00’ - J (A + B)) = SSii£iZ£i.'cot j «» 
But (90* _ i (A + B)) « J C« 

cot>C.=‘“l<*> -»i icoti»o 

sm + 

Whence tan jC, =!!?JifiZil)tan } «„ 

C0S^(#4 — Pb) 


Bhen \B is smalt compared with the radius of the earth 
sre ma> iinte tan = |Cv(in circular measure) 
and tan , „ ) 


bubstitutirtg these solues m equation (1) we have 

c» = ™U£^±fi> x«„ (!J 

COS*{«A— ^b) 

■where both Cn and #i, must oe expressed m the same units 
(minutes or seconds) tVhen the difference of latitude of the 
adjacent stations is small cos } (®b — Je) is equal to unitj The 
equation (2) may then be- written as 

C«= sm J (Sx + e*) X 0D = dc X sm + ®») 
or expressed in words 

Cons crgence of meridians = difference of longitude X 
of average latitude 
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It may be noted that the conve^enee of meridians is zero, 
(i) when the points \ and B he on the equator ($^—0 = 63) 
and the ti\o meridians aie then parallel, and (11) also when the 
points A and B lie on the same meridian (0^=0) It mcreases 
in \aliie as the poles are approached There is no effect of con- 
vergence of meridians on lines running north and south since' 
they form part of the meridian of longitude, « hilc it is greatest 
on lines running east and west 

We shall now derive the formula for conv ergenec of meridians 
when the linear di^erence of latitude and linear difference of 
departure are guen 

Let R = the radius of the earth 
0^ s= the latitude of A 
*= M » of B 
Cu = the con> e^cnce of meridians 
2L «= the linear difference of latitude (or total latitude) 

{ li cos cii J- Ij cos <, + + 1ft cos ) 

SD » the Imear difference of departure ( or total 
departure ) 

(li sm <, + /,sin •<* + -r/ftSmeCn) 
where li, 1,, etc = the lengths of the sides of the traserse 

<i» <<*,610.= the reduced bearings of the sides of the tra%erse. 

Then the difference of latitude =* — ffs = minutes. 

R tan I' 


of A and B 

S0 

the difference of longitude=0i,= — radians, 

R cos i (CiT- Sn) 

of A and B 

The parallel of middle latitude IS a cucle whose radius IS equal to 

R cos ^ flg) 

Substituting the salue of 0i, in equation (SJ), we get 

smi(^*-hffB) SD 

is4 (^i — Cb) Rcos J (Ca-i-Cb) 

2D tan J (fl* + Cb) 


C.JJ — 


». e. 


C«- 

or C* {in minutes) = 


R CO’S i l«A— ® b) 

2D tan ^ {©* + Sa) 
Rtanl'cos fl*) 


. radians 


(j> 
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^Then the difference of latitude is small cosJ(fl^— 5 b)= 1 

. _ SD tant(d4.+5B) , 

/. Cm = Li_±J — ^ radians (5) 

R 

f' / i \ tan t / i \ le \ 

or Cm (in minutes) = (approximate) (5a) 

R tan 1 

or expressed m ^vords eontergence of meridians m mmutes 
_ Total departure X tan a% erage latitude 
Radius of the earth X tan one minute 

It ma\ he observed that m the derivation of the above 
formula the earth has been assumed to be n sphere The formula 
for convergence of meridians is used m checking the angles of 
long oj en traverses as m route sunejs fav determining the azi 
muths of the first and last lin-s 1 v an astronomical observation 

Computation of Geodetic Positions 

The co*ordimtes (latitude and longitude) of a station B 
mav be computed from (t) the knoiv-n latitude and longitude 
of station V (ii) the distance irom \ to D, and (ui) the azimuth 
of B from K bv the Mid Latitude formula which is simple and 
gives sufficientlv accurate results (correct to 0* 01) It should 
be used for lines less than 40 km m length and in latitudes less 
than GO’ 

Notation — — the latitude of A » = the longitude of A 

Ob — the latiludeofB = the longitude of B 

X — the azimuth of AB at A 
5^ s: the increase of azimuth 
X = theazunuth of AB at B 

otf the dilTerence of latitude of A and B 
50 = the difference of longitude of A and B 
I = the length of the line AB 
m ='(ii^|lengiiioSV ollatvtude.inm^xtsiA^VA 
mean (or av erage) latitude of A and B 
* =s the length of 1* of longitude in metres at 
the mean (or average) latitude of A and B 
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The values of m and n may be obtamed from Geodetic Tobies 
m-which they are given at intervals of 5 of latitude from 0® toCO". 

Id Fig 191, the lines A.Ai and AB^ are drown at right angles 
to each other to represent the meridian and parallel through A 



191 

Smtlarly, the hoes BBi and BAi are drawn at right angles to 
each other to represent the meridian and parallel through B 
The distance between the two parallels = the difference of 
latitude between A and B m secondsxtbc length of 1 ' of latitude 
at the mean latitude of A and B, or AAv«niSd Similarly, the 
distance between the two meridians =atbe difference of longitude 
between A and B in seconds xthe length of 1' of longitude at the 
mean latitude of A and B , or AB^ » nSO »= A^B 


The ai erage azimuth of AB (dotted line) is «< + J S < 


Then 

= 1 cos ( < + i S •< ) 



or 

s/1 _1 cos ( X + i S X) 

TT* 

seconds 

(0) 


nt 0 = 1 sm ( < + i S •< ) 



or 

- fsin(«<+J8<) 

50 = 

seconds 

m 

From formula (1), tan JS < « ton JSO sm(94 + sec J Stf 

S < = 8# X sine of mean latitude 

(8) 

(8a) 


tan ( .^ + JS = 

mSff 


(8b) 

• 

L n -16 
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When Ihe latitude and longitade of station A, the length 
of AD, and its azimuth at A are given, the latitude and longitude 
of station D, and the azimuth of AB at D can be computed by 
the application of the abo\e formulae To do this, we proceed by 
successive approximations, the order of procedure being as follows : 
As a first approximation, we ignore •< m fonnula (6) and (7) and 
then calculate S9, taVing the mean latitude as the latitude of A 
to delermme the >alue of m ui fonnula (6), and then determine 
Se Knowing S 6 and 5 k may be found from fonnula (8a) 
Having found S < , all the three calculations ate repeated in the 
above order to obtain the final values of £0, and $ <. 

Procedure — (1) Find the value of m at the latitude of K 
from the tables 


(2) Using formula (6) and omitting Li, find the difference 
2 

of latitude is. > 


(8) Knowing l6, find the mean latitude from 
mean latitude s latitude of A 4- 1 SO. 

(4) Find the >a\ue of n at the mean latitude thus obtained. 

(5) Compute Stf, from formula (7). 

(6) Finally, obtam the value of 5 < from fonnula (8o) 

(7) Usmg the value of 5 •<, repeat the three calculations 
in tbe above order to find the final values of Sfi, $0, and S <. 

(8) Knowujg *0, 80 , and? <,fiad the latitude and longitude 
of station B and tbe azimuth of AB at B. 


The method is exemplified m example (6) 


Inverse Problem — ^Vhen the latitudes and longitudes of 
two stations A and B are given, the length and azimuth of the 
hue AB may be computed by the application of the formulae 
6 to 8b 


Procedure — (1) Find the mean latitude from the known 
latitudes of A and B 

(2) Obtam the values of tn and it at the mean latitude. 
(8) Knowing 80 , 50, m, and a, find the value of < d-JS < 
from formula (8b). 
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(4) Substituting the value of •< + JS •< m fonnula (6), 
calculate the length of AB. 

(5) Find the increase of azimuth (S«<) from formula 
(8 or 8a ). 

(6) Fmd the azimuth of AB at A from the computed values 
of { < + S K ) and S < . 

The method is exemplified m example (7). 

If the earth is considered as a sphere, the length of AB may be 
detenmned by sohmg the triangle PAB (Fig. 184), P bemg the 
north pole. In the APAB, PA =90“ — 4*; PBs=»90* — 4 b; 
APB = diff. of long.=#*^— Usmg the cosme rule, we find 
the value of AB in degree. ‘ Ate AB may then be computed 
from the relation arc = R X central angle m circular mwsure.) 

arcAB = !^^. 

180* 

Example 1 : — Determme the convergence of meridians for 
a departure of 80 kra, given that the mean latitude is 52“ 45'. 
Take the radius of the earth (R) as 6370290 m 

r, ^ departure x tan mean latitude 

konvergence in minutes = -l- — — ; 

R ton 1' 

30 X 1000 X tan 52“ 45' 

~ 6370200 tan 1' 

= 21-2904 

or convergence of mendions = 21' 17'*42. 

Example 2 : — ^Find the convergence of meridians from the 
following data : 

Beparture in a traverse =20800in; R sin 1' =30-88 m 
Ilean latitude = 20“ 15'. 

f. , dep. xtanmeonlat. 20809 tan20*15' 

i.oii\ emence m seconds = — £ = — 

R sm 1' 33-88 


or conve^enee of meridians =3'46'-35. 

Example 3 * — Given the following latitudes and longitudes 
of two stations A and F ; obtaus the convergence of meridiani 
through A and F. 
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Ijititude of A=40'’ 43* 20* N , longitude of A=100'* 4S’ 22* ^V, 
Latitude of F=4IM0 36'N . longitude of F^slOl* 12' 28* W 
(See Fig 184) 

Irft 6^ and fif. be the latitudes of A and F 
0^ and be the longitudes of A and F 
Tlieti half the difference of latitude of A and F 

« i (41* 10 36'~40»45 20*) 

= 88 * 

half the sum of tlie „ „ 

= } (4l“ 10 36' +40* 45' 20*J 
= 40*57 58* 

Difference of longitude between A and F 

= 101*12 28'— 100*48'22'«24'6* 
Now coarergetice of mendtans in seconds 

, ^ _ , sm mean lah 

■"longitude difference m seconds ; — . 

cos } (di/T in lat.) 

, 1446* sin 40*57 58' ^ ^ 

cos 12 88' 

or convergence of meridians = 15' 48' 03 

Example 4* — Given the following particulars of a traverse 

Line Length W C Bearing 

AB 10 km 56*15’ 

BC 7 „ 60*48' 

CD 6 „ 48*88' 

The latitude of A was 50" SO N Take the radius of the 
earth as 6370 km Determme the correction to be applied 
to the bearing at D to allow for the convergence of the mendians 

(i) The latitudes and departures of the lines may be calcu 
laled by the formal® Ut = f cos < and dep *=£ stn < . 

Lat of AD = 10 cos 56*15 .=5 5557020 

„ of BC=s 7 cos 60*48 =3 4150179 

„ of CDe= 6 cos 48*36 =3 9678714 

bum=l2 9385913 
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Dep. of AB : 
„ of BC 
„ of CD 


10 sin 56“ 15* - 
7 sin 60“ 48' = 
6 sin 48“ 36' = 


8 3146960 
6 1104547 
4 5006666 


dO 




Then the linear difference of latitude between A and D 
= SL « 12 9385913 km 

The Imear difference of departure between A and D 
= SD = 18-9258173 km 

Now let fli and So be the latitudes of A end D, end 4\ 
and the longitudes of A and D 

linear lat diff 
R tan 1' 

12 9385913 


Now 6 d 


• * 


mmutes 


s 6 9827 mins. 


6370 Un 1' 

Hence mean latitude ss latitude of A + i lat diff. 

=» 50“ 80' + H6 0827) 

^ «• i (4* + «p) *50“ 33' 4914 
(iv) Now convergence of meridians (m mmutes) 
^ SD tan ^ + 4o) 

R cos J — tan 1' 

_ 18 9258173 tan 50“33' 27*' -48 
8956 cos 3'29' 48 tan 1' 

The required correction » 12’ 24'-96 


»12‘41C mins. 


Example 5 : — The foUowmg notes refer to a tre\ erse from 
station A to station D in a route survey 


Bine. True bearing Length 
AB N 50“E 8-0 km 

BC N 70“ E 9 6 „ 

CD N. 40* E 6 4 „ 


Latitude ofA=52“30'N. 
Longitude of A = 78“15'E. 


Find the latitude and longitude of D and the azunutb of 
CD at D given that 1' of meridian is 1-832 km and 1' of 
ongitude is 1*855 km on the equator. 
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The latitudes and departures of the lines arc ; 
Line 

AB 
BC 
CD 


Latitude 
ui k.m 
5 1423008 

3 2833930 

4 9026842 


Departure 

m Lm. 

0 1283552 
9 0210490 
4 1138506 


Lat, = 
Dep s 


: Icos < 


Total 13 3283780 19 2632548 » Coordinate of D 

(2X and £D) with respect to A 

(i) Let aod 8i> and 0j> be the latitudes and longi* 

tudes of stations A and D respectively , Si and S9, the latitude 
diiTerence and longitude diCTerence between A and D respectively 
Then 


ia - 


RtanV 
U 3283780 


88 < 


= 7' 18817 = 


' 11' 29 


1 852 

=» r 19C71. 

7' 11* 80 (approvimale) 

• Mean latitude *= 8*+ “ 52* 80’+ 8' 87'*9. 

« 52* 88' 85' 9 

If the exact value of 1' of meridian at the mean latitude 
52* 83' 35' 9 IS 1 8542 kra, then 
13 3283780 
1 8542' 

Mean latitude *= 52* 83 35' 64 

- n w - - 19 2G32548 sec 52* S3' 85' 64 

<ii) Now 50 = 

1 855 

= 17 0815 =s X7' 4' 89 

(in) Whence, latitude ofD « s: + S9 

— 52* S0'+ 7' 11' 65 « 52* 37' 1I'*65 N 
longitude of D =< 00 «= 0^ + 80 
= 78* 15* +17' 4'-89 
= 78* 82' 4'-89 

(iv) Convergence of mendians =80'x{siJi mean lah) minutes 
= 17 0815 sui 52’ 33' 85' 64 
= IS 5626 nuns 
= 13' 83'.7C. 
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Azimuth of CD at D = 40® 13’ 33* 76 

(N 40* 13' 33' 76 E.) 

Example 6 — Determine the latitude and longitude of D 
and the reverse azimuth of CD at D from the following data : 

Latitude of C = 45* 1' 40* N , longitude of C = 92* 36'12* K. 
Azimuth of CD =» N 56*22 30* E , length of CD = 19057 62 m. 
Latitude I'oflat 1* of long 

mm mm 

45* 0’ 30 8703 21 9032 

45* 5' 30 8707 21 8714 

(1) First approximation — 

Let Se >sthe differenee in latitude between C and D. 
5^ ss „ „ ,, longitude p» ^ 

5 •< sa the change in azimuth at D 
(convergence of roendians) 

(i) Now 1* of latitude at the latitude of station C (i e 
43*1'40*) should be obtamed by mterpolation 

*. 1' of lat. = 30 8703 + — (0 0004) =80 8704 m. 
300 

Now the hnear latitude of CD 
80 8704 

Hence mean latitude (4 ) s=s lat of C + — 

“ 45* 1'40'+ \ (5'41' 80) » 45* 4 80' 93 (approximate) 

(u*) 1* of longitude at T (45* 4' 30' 83) 


Now the longitude difference «= 50*= 


19057 02 sm 56*22'30* 
21 8745 

725' 451 = 12' 5' 451. 


(m) Change m azimuth S • 


s = 80* X sin 0 seconds. 

= 725**451 sm 45* 4'30'‘93 
= 518' 645 = 8' 83' 645. 
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(2) Second approximation ; — 

(i) iVOiv mean latitude (9) = 45* 4’ 30’*93. 
1' of lat at 45* 4' 30' 93 


30-SrD3 + (-0004) 

f 300 ' 


se 


lODo; 


= 30*87006 m 
•62 cos S6"26'46*S‘ 


= 341'*«3=5'41'*44 


30 8706G 

Hence mean lat. {0} =» 45* 1' 40'+ { (5' 41'*44) 

=» 45* 4' 30'*72. (exact). 

Smce the difference {0'*21) between the approximates and 
exact values of the mean latitude (0) js too small to affect 
the values of and $•< obtained as a hrst approximation, 
we need not calculate them again. 

Hence S« ** 12' 5'*451 (exact) and B k^S’ S3'*645 (exact)- 
Now latitude of D » 1'40'* + 5'41'*44 

«45* 7' 21'*44N 

longitude of D *»0 a+5»«92® 30' 12' +12' 5''451 
» 92*48’ 17'-451 E. ' 

Azimuth of CD at D « 50* 22’S0'+8' 83'*645 = 56*31' 8'*e45 
„ DC at D = 236* 31' 3**645 *= S. 56* SI* S**645 W. 
Example 7 — Given the following co-ordinates of two 
stations F and Q . 

Latitude of P =54*51' 28'N ; longitude of P=s83*12'40*E‘ 
„ ofQ=54*55'42'N. „ of Q =83* 58’ 20* E. 

Latitude. 1' of latitude in l' of longitude m 


54“ 50' 30-K*34 17-8509 

54* 55' 31)-0238 17-8141 

Find the azimuth of PQ at P and the azimuth of QP at Q. 
and also the length of PQ, 

(t) Average latitude = 9 = 1 (54* 51’ 28* +54* 55’ 42') 
= 54* 53' 35'. 

Difference of latitude =86= (54* 55' 42' — 54* 51' 28') 
= Q* 4' U' = 254'- 

.. of longitude = (83* 58' 20' — 83* 12' 40') 
=» 0* 45' 40' =- 2740'. 
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Now change in azimuth ( m seconds ) = difference m long 
(in secs)xSm meanlat.=2S^'smfi=2740sm54® 53'35'=2241 *54. 
or S << =» 37’ 21'*54. 

(u) Length of 1 ' of lat. at 6 (54® 53' 35') 

=m «30-9234 + — (*0004) 

300 

= 30-92369 m. 

Length of 1 ' of long, at fi (54® 53' 85*) 

= n = 17-8509 - — (-0368) 

300 ' 

= 17-82453 m. 

(m) Let •< be the azimuth of PQ a. P and S k increase in 
azimuth at Q. Then 

tan ^ •< + ^ ^ s, " X difference of longitude _ 

\ i J m X difference of latitude mSd 
17-82453 ,,2740 
30 92369 ^ 254 

log tan ^K+ = 0 7936429 

^ + _L!L s=80®51'48' 9; but 5 K = 87'21'-54. 
2 

< = 80® 51' 48'-9 — J (37' 21*-54) 

= 80®S3’ 8*-13. 

V K +8 < = 80® 83' 8'-13 +37'21'-54 

= 81® 10' 29'-6T. 

Whence, Azimuth of PQ at P = 80® 33’ 8*'13. 

„ „ atQ= 81* 10' 29'-67. 

Azimuth of QP at Q =261® 10'29'-67. 

(▼i) Length PQ = mSfl sec ^ < + 

= 30-92309 X 254 X sec 80® 51' 48’-9 
= 49467,0 m. 

Also, length of PQ = n50 cosec ^ •< + 

= 17-82453 X 2740 cosec 80® 51' 48*-9 
= 49466-8 m. 
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Parallel ol LaUtude — To set out a portion of a parallel of 
0 latitude for a distance d in latitude 6 i~~ 



r>g 192 


In Fig 192, let P be the pole ; M and 
N the tiro points on the parallel; HHQ, 
the great circle through M and N ; ML 
the great circle perpendicular to the 
median MP ; ML =5 d ; Ib = the radius 
of the earth. 

Now PXQ = PiIN + «*<, 
where S = change in azimuth 
<ca 180* — PNM 


But by sj-rmaetry PilN = PXSI 
. P.tl\ + 5 ^ « 180* -PMN or PMN = 90* - ~ . 

whence, PNQ * 90* + 


NML « PML - PMN = DO* - ^90* - ~ J ^ . 


Now the offset (NL) to the great cirde ’'IL perpendicular to 
the tnendian ^IP at u distance 5IL (d) = ML tan 


j. , 8*f ,, , dtan 0 

= d tan _ = d X — — tan 1' But 8 x = 

2 2 It tan 1' 


2Rtanl' 2R 

in which NL, d, and R are expressed in the same units. 

The offset NL may also be shown equal ^ ^ ' 


II IS the length of 1' of parallel in latitude 0 

e, g suppose the latitude (») » so* , th'* distance (d) = 10 km J 
and R *= 6370 kra. 
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Tfien the offset = 100 tan 50 « 9 35 \ra 

2 X 6870 

Strictly speaking, the offset should be along the meridian and 
not at right angles to SIL NN' is the correct offset 

The above formula is to be used for short dist-mces not exceed" 
mg 15 km To determme the next point on the paralldf 
the meridian is dctermmed at N and a Ime is set out at right 
angles to the meridian NP and the required offset xs then 
calculated 


Example* — ^At a point B m latitude 48''N, a straight Ime BO 
50 nautical miles long, is ranged at OO** to the meridian (due east) 
It IS proposed to travel north from C so as to reach the 48" parallel 
at D Fmd the angle BCD at which we must set out and the 
distance CD, assuming the earth to be a sphere 

Draw the meridians 'through B and C mteisectmg at 
tbfe pole P BC IS at right angles to the 
mendian BP at 13 so that angle PBC ts a 
right angle (Fig I92a) 

I^ow m the spherical tnongle 'FBC» 
PB « 90"— 48" * 42* , BC = 50', since 
1 nautical mile subtends one minute at 
the centre of the earth > and the angle 
B— 90* Using the cosine formula, we get 
cos PC s= cos PB cos BC + sm PB sm BC cos B 
Since B = 90", cos B = 0 

’ cos PC = cos 42" cos 50 , whence, PC =s 42* O' 24". 
NowPD=D 0"— 48"=42% sinceDison the parallel oflatitnde. 
CD =PC— PD « 42"0 24' — |2"=24'=s 4=0 4 nautical rnffe. 

sm PBC PB sm 90" X sm 42" 
sm PC sm 42" 24' 



By the sme rule, sm BCP = 


. 4.PCP = 89" 5 

Hence the angle (BCD) at which we must set out = 89" S’ 
Adjustment of a Closed Traverse 
Crandall’s Method — Tlie Crandalls method js most 
commonly used m tl\e adjustment of a closed traverse when the 
are to remom uno//fTrd If there be anj angular error, it 
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should be djstnbuted among the several angles before the latitudes 
^ B and dtpaiturts of the sides of the traverse art 

computed The assumption made in this method 
' IS that the closmg error ( erfor of closure ) ts 
ey I solely due to linear sources 

V \ In Fig m, let I = the length of the side OA ; 

^ ^ L = the latitude of 0 A, D= the departure of 0 A, 

Fif 193 AB=x/, BBi=lhe correction (e) of the latitude 
=s xL, AB,= the correction (/) of the departure =* xD, in which 
X \anes with the different lengths of the sides 
Then 


Tlie total correction in latitude =s E = SxL . . • (t) 
The total correction m departure =* F =* S<*D , (2) 

By the theory of least squares. S ” “ minimum (S) 

Differentiating the equations 1 to 8, vre have 

SLi*«0 (V).DD5««0 {V)i £(*l&r)-0 {f) 

Multiplymg the equaticms 1' and 2' by —Xi and — X*, adding 
the results to equation (8 ) and equating the coefficient of each 
to 2 cro, we get 

I. = 

Substituting these values in the original equatiODsfl and 2),wehai e 
E=X, S (5^)+ . and F = + 1.S (y) 

The solution of these two equations gives the values of Xj and X,. 
Then the corrections in latitude are 


X^+^ etc 

h 

and the corrections in departure are 

, X,L,D, + X,Di* , 
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Example — ^The following ore the lengths and bearings of 
the sides of a closed traverse ABCDEF 


Line 

Length in m 

R B 

AB 

002 6 

S 45*20 12' E. 

BC 

816 4 

N 62* 15' 20' E 

CD 

425 5 

N 20* 40' 10' E. 

DE 

C27 9 

N 74* 26' 80' E 

EF 

1225 3 

N 58* 86' 24' W 

FA 

1423 2 

S 48* 15 0' W 


Adjust the traverse without altering the bearings of the lines 

(i) Latitudes and departures • From the known lengths 
and beanngs. the latitudes and departures of the sides should be 


calculated by 

the forraulse lat . « t 

cos <, and dep => 1 sin <. 

Lme. 

Latitude. 

Departure 

AB 

- 634 47 

+ 641 97 

BO 

4- 880 06 

+ 722 54 

CD 

+ 398 11 

+ 150 19 

DE 

+ 168 42 

+ 604«89 

EF 

+ 638 27 

- 1045 98 

PA 

-058 67 

— 1068 50 


2L « -8 28 

ED « + 5 16 

.* Total error in lat = — 3 28 , 

total error in dep = + 5 16 


(u)^Now the correction to latitude of a side = X; 

„ to departure of a side »=» X; 

m which L = latitude of a side 
D — departure of a side 
I = length of a side 
Xi andj>,=s the \alues obtained from 




/ 

D’ 

7 * 


> 1 + ^^^^|x,=total correction ib lat (1) 

l‘(.f)MHT)h- ■ ■ 


in dep (2) 
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length 1 

.p. (-634-47)* 

AB;^ — -i-= 445-99 

1 tut X Dep. L X D 
length 1 ^ 

(-631-47)(-f 611-97, 

902 G 

176-93 

^ 

(4-380-06){4- 722-541 

816-4 

^ (4-398-11)* 1 

CD;i ±=3 372-48 

816-4 — + 336 36 

[(+398-ll)(-i- 150-191 

425-5 

(4'168-42)» 

45-18 

1 425-5 

(+ 168-42) (+ 604*891 

(4-638-27)* 

EF:^ 832-48 

1225-3 

. (-958-67)* ^ 

62>i ^- + 162-27 

( + 638-27)(— 1045-931 . 

1225*3 — 544-M 

(-958-e7)(-1068-5m ’ > » 

1432*2 

---f 711-19 

2 ^7') •=sumta2008-09 

(Dqiarture)* D* 
length "1~' 

f 


AB 
BC ; 
CD; 
DE; 
fT; 
FA; 


. (•+ C41»97)» 
902-6 

, ( + 722-54)* 
816^4 

( 150-19)* 

425-5 

( + 604-89)* 
027-9 

{ — 1045-93)* 
1225-3 

( — 1068-5)* 
1432-2 


456-60 

639-47 

53-01 

582-73 

892-82 

797-16 
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(iv) Substituting these values in equations 1 and 2, the 
values of and should be obtamed. 

2008-09Xi + 354-54Xj = + 3*28 
354*S4Xi + 3421-79Xj = — 5*16 
From which we get Xj s=+ 0*001935 ; Xj = — 0*0017085. 

(v) Correction to latitude : — 

By correction. = Crh^T) 

From the known values of X^, Xj, 
corrections to the Imes should be calculated. 

ABs (+0 001933) (445 99)»+0 8630 (-0 00170S5) (-451 26) - -I- 0 7710 

B0;( ) (170 93)- + 0 3424 ( .. ) ( + 336 36) - - 0 6747 

CDs( ) (372 481- +0 7203 ( •» ) (+ 140 62) - - 0 2401 

1)E,( „ )( 45 13)- +0.0374 ( ) (+ 162 27) - - 0 2772 

EF:( „ ) (332 4S)-+0 0134 ( .. ) ( -544 81) - + 0 9303 

FA:( „ ) (633 03)-+ 1 2283 ( ) ( + 711 49) - - 1 2158 

Hence the corrections to the latitudes of the sides are 
AB; correction =# -r I*C34 DE; correction =* — 0*100 
BC ; ,, =—0*232 EF ; ,, =+1*574 

CD; ,, =+0*481 FA; ,, =+0*018 

Chfch : — The total correction = the algebraic sum of the 
corrections = + 3 28. 

(vi) Correction to departure: — 

By correction = X^ ^ + Xj 

x.(-) 

AB; ( + 0-001935) (-451 26)- -0 8732 (-0 0017035) (458 60) - - 0 7801 

B0!( „ ) ( + 336 36)= +0 6509 ( „ ) (639 47) -- 1*0925 

CD}( „ X+UO 52) = +0*27» t „ X 53 01) -- 0*0006 

I>Es( . )( + !C2 27)- + O3U0 { ^ ) (582 73) -- 0*9958 

EFX „ )(-M4 84)--I 0M3 ( „ ) (892 82) - - 1 6261 

*'As( .. X+711 49)-+l »7« { „ ) (797 -U)®- 1*3610 
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Hence the corrections to the departure of the Imes are 
AB , correction = — 1 653 DE ; correction = — 0 682 
BC , „ = — 0 442 EF , ,, = — 2 580 

CD , , = + 0 182 FA , „ =* + 0 015 

Cheek — The total correction « the algebraic sum of the 
corrections = — 5 16 

Applying the respective corrections to the latitudes and 
departures of the Imes, we have 


line 

lAtilndejcorreohori 

Comoted 

latitnde 


Correettm. 

Corrected 

departnia 

AB 

-651 47 

+ 1 634 

-632 836 

+ 611 97 

-1 663 

+ 640 317 

BC 

+380 06 

-0 232 

-379 628 

+ 722 64 

-0 442 

+ 722 09« 

CD 

+ 393 11 

+ 0 481 

+ 398 691 

+ 160 19 

+ 0 182 

+ ISO 372 

DB 

+ 168 42 

-0 m 

+ 168 230 

+ 60* 89 

-0 682 

+ 604 toe 

CF 

+638 27 

+ l 67* 

+639 644 

-1045 93 

-2 580 

-10*8 Sl< 

BA 

-953 67 

+0 013 

-963 6S3 

-1068 60 

+0 OIS 

-1063 *3! 

Algebmie 

- 3 28 

+ 3 28 

0000 000 

+ 6 16 

-6 16 

0000 000 


PROBLEMS 


1 IVrite ihort ootea od *— 

(a) Satellite 8tatioa,(b) Phaae ofaigiial,(c) Clouag tbe bomea, and (d) Asti 
Signal cnneetioa. 

Adinst tbefoUnwiDgangleaclaaiagUie honzon at a iVatlnat 

(a) - 12r05'6S' 6, weight 2 

(b) - 88* <5 16' 4 „ 1 

{«) - ir Sy 31' 5 „ S 

(d) - 78* 18 18' 6 „ 1 (0 8) 

(Ans. Correetiooi — O' SO, -O' 99, -0'.33.-0'.W) 

- What da yon understand by *■ geodetie qnadrilatenil 1 ' Explain hew 
yon would aijnst it by the appnau&ate method. ( tJ» B ) 





7R0BLEH9 


497 


3 (ft) yoaftre aaked tomeaiare vtry aeftnratety the honzontal angles in triangn- 
lation Descnbe the types of tostmmeats yon Troold nse and the methods 
yon would adopt to gnaranteo the requisite degree of accuracy What 
errors will be eliminated by each of the methods ! 

(b)The following valnej were Reordedfot a triangle A.BC, the mdiTidoal 
measurements being uniformly precise 
A = 62* 28 16* , 6 oh# 

B «> S6* 44 36' , 8 obft 
C B 60* 46 56' , 4 obft 

Find the eorreet raluea of the angles (U B ) 

(Ans Corrections +3 69'. +2 77' +6 64') 

4 Explain elearly any two of the foQowing — 

(a) Conrergenee of mendians, 

(b) Goirectioos to be applied id base line measutcments, and 

(a) Phase of inn signals. (H B ) 

5 Whftt la meant by the term * side equation* t Slate the equations of eondi 
tiona ID each of the following eases 

(a) a polygon eompnuog the triangles banog a common rertez 

(b) a geodetic qaadnlateml 

Explain clearly the approximate method of adjnstment of a geodetic 
quadrilateral (T7 B ) 

6 Explain the effects of cnrratnre of the enrth on snrreys and derm an 

expression for conrergenee of mendians (UP) 

7 What are the different '* Tnangnlation systems” in a geodetical Surrey t 

Which IS the most accorate and why T (UP) 

8 State the equations of conditions that most be satisfied in the adjnstment 
of the following figures 

(1) a triangle with a central station, (u) a polygon with a cential station 
•nd (lu) a geodetic quadrilateral (UP) 

9 Two points A and B hare the foBovug «o>ordjnates — 

Point Idtitude Longitude 

A 44'52 ^ 42* 24'E 

B 45' IIKN 43" 0 E 

Find the conrergenee of the mendians through A and B and the let^h of 
the side AB, assuming the earth to be a sphere with a radius of 20889000 
ft Tate cos 37 «0 9999 (U p.) 

(Ans 42 5806 miles ) 

70 (a) Whfttismeant by ** Conrergenee ofUendians ” 7 DenTenneipressioa 
for the same. 

(b) Determine the approximate increase In azimuth in a trarerv which has 
total northings and eastings, each of 42,500 ft. from a station in 
Utitnde 69* 10* \ , giren that the ndins of the eartboZ.OS 00 000 ft 
and log tan 1'- 4 4637. (U. B ) 

(Ans 11' 44*65.) 
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The following notes refer to & tmTeise sarrer for a proposed raflway 
Line Length in km Beanng 

AB 1« W V "IS* F 

BC 19 308 N 70’ E 

CD 24 135 K 6o* E 

The latitude of A was 50*^7 D*teniiifle the latitude of D and the ooneotioa 
■which mast be applied to the Ttdnced beating of CD at D to allow for 
eoBTcrgence of meridians 

Take 111 342S km » 1* at the centre of the earth 

(Am. 50* 11' 18' N. , 55' 48' ) 


A trarerse is 
Station 
A 
B 
C 
D 


as follow* — 
Length ID ft. 
19000 
20000 
21000 


Dedeetion Angle 
32* R 


Azimuth 
42* from North 


43* L 


TheUtitnde of A u 45*N Find the azimuth of CD at D and the latitude of 


D, giren the following 



latitude 

1' of latitude 

1' of Longitude 

45“ 0 

lot 2301 A 

71 8807 A 

45*6 

101 2819 ft 

71 7560ft 


(Aas 31* 7 6' 85 . 43' 0 6' 83 N ) 

13 The angles of a geodetie triangle bare beea read each being weighted 
differently, and the length of one side is knows Explain is correet seqnence 
how yon would compute the lengths of the remaining sides 

14 The following is the data for three stations A, B and C as detennined by 
tnangnlation 

Line Azimuth Length in R 

AC 327* 7 49* 9011 

CB 74*50' 52' 5795 

BA 184* 25 63' 9099 

A station P is established within the triangle ACB The angles CFB and 
BPA are measnred and fooudtobe 87* 33 and 144* 34’ respectirely Dete^ 
mine the lengths and aumutba of PA, PB, and PC (U P ] 

(Ans PA 5801ft .169* 54' 22*, PB 5937 A, 25“ 20 22') 
PC 4418ft ,29r42 22') 

15 (a) The eleratiou of an Instrument at A is 219 3 A Find the nunuunm 

height of signal required at B, 27 6 miles distant, where the elcmtion 
of the ground is 301 4 A The intervening gronnd may be assnmed to 
hare a uniform elcTation of 165 A .and the line of sight mnst nowheie 
be less than 10 ft abore the surface 


(b) FindtheraostprohahleraliMaoftheaDglesAand B from the foUowiBg 
ohaerraiioDB at a station O . 

A . 49* 48' 36' 6, weight 
•> 64*37 4S'.3. weight 3 

A *.B -104* 26 2S'.5,wei^t4 (U B) 

(dw.(a)47A.. (b) CorreetjoM + 1'.66, +1* 11 0' 83 ) 
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16. The following are the latitudes and longitndes of (wo stations 
Station latitude Lsagitnde 

A ' 33* 48* 16' N 6S* 15 36' E 

B 3D* 14 24' IT 68* 40 S**' E 


Determine the angular convergency of the mcndiacs throngh A and B 
(Ans. 15 41' 9’ > 

17 Below arc giren the notes of part of a tiarerseiaa preliminary surrey 
Line Lengthto km Bearing 

AB 20 117 62* 30 

BO 29 29 65* 34 

CD 22 933 60* 48 

Thelatitndeof A»4S* 35 IT and themeaQrad)naoftheeartbis6365967 m. 


Find the Increase in azimath at the etation D 
18 Two ctatious A and B hare the foDomog eo-ordinatea 


(Ans 35 43' 34 ) 


Station latitude Longitude 

• A 46* ll' 40' N 86* 42' 30* E 

B 46* 14' 60* N 86* 58' 45* E 

Qalealate^a^ (he length of the Une AB, (b) the aumnth of AB at A, and 
t the atuBQth of BA at B, giren the following raloeS for the spheroid ‘ 

7 lAtitndei I'hfLatrtede 1' of Longitude • 


in ID IS m 

48* 10 30-6767 21 43D6 

46* >15 30 8-71 21 4073 

» (Am, (a) 21691 558 m (b) tt'IS* 38' 85 , (c) 254* 24 22' 81> 


19 


20 


The azlmntb of a line AB 1"929 6l6m m length is IT 50*18 *1V at A 
la latitude 60* 32' 30' N and langitndeOO* 48 13' £ Determine (a) the 
latitude and longitude of B and (h) the rererse azimuth of AB at B giren 
the following values for the spheroid 

Lotitude I'oflatitode 1' of Longitude 


50* 30* 30 9003 10 7100 

50* 35' 30 9007 19 6756 

(Ans (a) 60* 36 65' 84 N 90' 39 48' 2 E (b) 129* 35 StT 81 clockwise 
from north ] 


The following trarerse is run for a proposed raHway i 
Station Length in m Deflection Angles 


A 

B 

C 

D 


'•480 89 
6342 ”6 
6367 27 


12* L 
"O’ R 


The latitude of A»5o* I 15' N and the azimuth of AB is 60“ 36 clockwi.e 
from north Obt-un (a) the latitude and longitude of B, (b) the azimuth 
of CD, and (e) theazminth ofDC at D given the following values 
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L«Ulatie 1* ofXatitade 1' ofl/ongitsde 

la m in m 

U* V 30 9242 17*7773 

W « 30 9247 17 7405 

(Au (a) 55* 7 34* 72 N , IS 30* 83 «ast of A (b) 63* 40 3r.441» 
249*49 32' 41 J 

i\ (a) What IS m«a&t b7 ** tonatijcate of meniiaaa 7 

Obtain the ConTcr^BM of the menduiu throvAh A and B from (he 
fonoviag data 

Station littitode. Lon^tnde 

A 47* 30* 20* N 116* SO* 12* W. 

B 47* M 40* N lir 14' 6' W. 

(b) The angles of a geoJette triangle wtit tesorded M follon 
A-4S*2(r 17**2 ««gbt2 
D-e3*17'32‘« ^ 1 

C-63*J2*U*4 » 3 

U ibe neea of thu triaegle ia760 tq tnilea, adjnrt ibekaglee A, B. andC, 
fiMB that tbe ipberieal exeeu for 7S iqnare mUei U 1*. t^* ^ ) 

[Kvt. 1%) il Vfii; 1V> iV Mr W , «* iV >b* 4, 

U iPInd the oearergenoe of rBerldlaM for (1) a departnrc of 45 06 faa and (V) 
s deparlore of 19696 18 m la a mean Utitode of 59* i5’» TaJca 
A - 636695? 2 ni 

(Aas. 0} 41 ' 43* 21 . (U) 13* J4'* J U 
£3 A line of (eeeia wu ran frota a beaeh ttutrb A of A> L> 6S5 <75 to a 
benoh math D of RJ!«.S4Q 920 to eetabUsh two (ntecmediate pointt B and 
C erltb the foUovtng teralla. 

Obserred ierel differenee Length in km. 

A to 5 . 6 34510 12 5 

B to C + 9 463 m 20 

C to P .f 11 49201 25 

Detemune tbe most probable Talaes of tbe redoced lerels of B and C 

(Ans B L.ofBi-619 225, R L.ofC-62S 839) 
24. In raniung a olased U« of terals, the CoUoiring rwlts steto obtained 
B hL Diffeienee of Ierel Pistance Beroarks. 
lo ra Sq km 

A to B 4-5 372 9 Eleratloo of A 

BtoC -6 iSo 13 »82o 651 

C to P 4-7 216 18 

to 44 133 15 

E to A -1 727 6 

Oalentnie tbe most probable eterntions of tbe bench marks 

(Ans. A. 820 654. B, 830 987. C, 834 471 P, 831 609, E, 837 407) 


+ *f + 



CHAPTER IX 


HYDROGRAPHIC SURVEYING 


Hydrographic surveying is that brancii of surveying which 
deals with any body of still or running water, such as a lake, 
harbour, stream, or rivet It comprises all surveys made Cor 
(l) the determination of (i) shore lines, (u) soundings, (m) chara 
cteristics of the bottom, (iv) areas subject to scourmg and siUmg, 
(v) depths available for navigation, (vi) \ clocity and charact 
eristics of the flow of water, and (2) the location of buoys, 
lights, rocks, sand bars, etc 

Control:— In hydrographic surveying the same mode of 
procedure is adopted as m topographic surveying except that 
the depths of water must be determined and the points on • 
body of water have to be located The flrst step in making a 
hydrographic survey is to establish control both horizontal 
and vertical In an extensive auivey the primary horizontal 
control IS established by triangulation and the secondary one 
by running a transit and tape traverse between the triangulation 
stations, the traverse Imes being run to follow the shore line 
approximately In surveys ot less extent the primary horizontal 
control only is required and is established bj running a transit 
and tape traverse sufficiently close to the shore line For rough 
work the control may be established by running a transit and 
stadia traverse or plane table traverse Vertical control is based 
upon a senes of bench marks established near the shore line by 
spirit levelling 

Shore Line Survey — ^Hasing estaoUshed the control, the 
next step is (i) to determine the shore line, (u) to locate the shore 
details, promment topographical features light houses, points of 
reference, and (m) to determine the high and low water lines for 
average spring tides both in plan and elevation m the case of 
tidal waters All irregularities in the shore line, as well as the 
shore details are located by means of offsets m'^asured with a tape 
from the traverse lines, by stadia or plane table The points of 
reference should be those which are clearly visible from the water 
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surface and which are near enough such as church spires wind- 
mills flag poles etc Sometimes bni^s anchored off the shore, 
and Dghthouses ore used as referttice pomts and should be located 
by triangulation The position of the high water line may be 
judged toughl) from deposits and marks on rocks However 
m order to locate it with suffcicnt accuracy the elevation of mean 
high water is determined and the points arc located on the shore 
at that elevation as m direct method of contourmg The line 
connecting the points so obtamed represents the high water line. 
Since the low v, ater line is bare for a short time only, it is usually 
located by interpolation from soundings 
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River Surveys -~The survey of a shore line of a aver b 
usually made by runnuig a transit and tape tra\ ersc on the shore 
at a convenient distance from the edge of the water The points 
wher** there is appreciable change m the direction of the shore 
line are then located by tape offsets from the traverse lines by 
stadia or plane table methods If the river is narrow a single 
transit and tape traverse » run on one bank and both banks 
located by tacheometnc or plane table method If the river is 
wide it IS necessary to run traverses on both banks and locate 
each shore Ime by tacbeoraetry ox plane tabling from its traverse. 
For checking purposes the two traverses should be tied to each 
other at intervals by cross bearings or angles as in Fig 1&4 For 
example, stations B and C on the opposite bank are connected 
Kt, tiwi C Vy ■measffli'vng wt^iva IB anB 

when the instrument IS at B and the angles BCB aadBCC while 
the instrument u at C From these angles and the measured 
length of BC the length of B C may be computed K it is in 
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close agteement with'the measuicd length of B C', the figure 
BCC B IS completely checked 

If Ihe river is too much crooked, no attempt need be made 
to follovr it closelj, but the traverse may be run in the most 
favourable location and subsidiary traverses run around the 
bends to locate the necessary details Where the shore lines 
of rivers and lakes are obsenred by woods, it is not economical 
to locate th“m by traversing, but it will be found desirable to 
use a sj’stem of triangulation as in Fig 195 
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Fig 105 

Thus m Figure 189 AB is the base line at the beginning of the 
Bu^^ey, C, D,B F, etc arc the triangulation stations As a 
check upon the survey a base line is measured at the end of the 
survey, and also, additional check base lines are measured at 
intervals of 10 or 15 miles 

Soundings — The measurements of depths below the water 
surface are called Soundings The ob}ect of making soundings » 
to determine the configuratioa (or relief ) of the bottom of the 
body of water This is done bj measuring from a boat the 
depths of water at various pomts This operation of soundmg 
IS most commonly required m hydrographic survejmg and is 
similar to that of levelling Soundings are required for (i) the 
preparation of charts for navigation, (u) the determuiation of 
the quantity of the material dredged, and of the area where the 
material is to be dredged or where the dredged material may be 
dumped, and (lu) the design of works such as break waters, 
sea walls, wharv es, etc 

Since the elevation of the water surface which is taken as 
level surface of reference is contmually v arj mg m tidal waters, it 
IS necessarj to ascertam the water level at the tune each soundmg 
IS made b> takmg tide gauge readmgs at regular intervals of 
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tune during the period of soundings so that the observed soundings 
can be reduced to the datum 

Gauges — The gauges maj be divided into two classes 
(1) non self registering and (2) sdf registering An observer 
IS required to read the fonner while the latter are automatic, 
and are generally used when an accurate and continuous record 
of the fluctuations of the water surface is required There are 
various types of non self registering gauges viz (i) the staff 
gauge, (u) the float gauge, and (ui) the cham or weight gauge. 
The gauge should be established at a convenient place where it is 
unaffected by the action of waves and sheltered from storms. 

The Staff Gauge — ^Tbe type of the gauge which is m most 
common use is the staff gauge shown m Fig l96 It consists of 
aboard 15 cm to 25 cm wide painted white 
and graduated to metre and cm It should 
be of such a length that the TCadaigs at the 
highest and lowest tide can be taken. The 
graduations and figures are painted in black 
and are very bold so that they can be read 
from a distance It should be finnl> fixed la 
a vertical position m the water and secured to 
a stationary object such os & quay wall pier, 
stake etc The zero of the gauge should be connected to a per- 
manent bench mark on shore by leielling 

Datum — Mean sea level at a certam place is adopted as a 
datum for levelling and is accurately established by taking 
observations extendmg over o penod of several years However, 
for ordinary purposes the observations extending over one lunar 
month will give sufficiently accurate results The levels of 
high and low water are read daily for one lunar month and the 
mean of an equal number of high and low water readings is taken 
as the value of mean sea level Knowing the gauge reading 
for mean sea level the eievation of the bench mark on shore 
may be deterromed 

Equipment — ^Tlie mstruments required for taking soundings 
and their location are 

Sounding Boat — ^The sounding boat should be sufficiently 
roomy and stable A flat bottomed boat is suitable in quiet 
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water, while round bottomed one is particularly coa\ cciient in 
rough water A pouer boat (steam or motor Hunch) is most 
suitable e\ en when the wind is blow ing and the curn.nts are st-ong 

Sounding Rods (or Poles) — The sounding tods or poles 
are convenient in shallow and smooth waters up to depths of 
about 4 to G m Thev are made of sound straight grained 
well seasoned tough timber and are cutnilar m section about 5 cm 
m diameter, and usuallyS 0 m to 7 5 m long Tor convenience 
in carrying, they are usually made m 1 m sections and ore fitted 
at the lower end with an iron or lead shoe of sufficient weight to 
bold them upright m the water and to facilitate plunging and of 
sufficient area to prevent them from smhing into the mud or 
sand If samples of material of the bottom are required the 
shoe IS provided with a cup shaped cavity which js smeared 
with tallow or grease to winch the material will adhere The 
rods are painted white and graduated to m and cm the 
graduations being macked on two opposite faces for convenience 
m reading and the zero being at the bottom of the shoe 

Lead Lines — The lead lines, also called sounding lines, 
are usually used for depths ov cr about 6 m The lead line consists 
of a line of hemp cotton, or a brass chain havmg at its end a 
weight called a lead (b'Hiausc of that material of which it is made) 
The line of hemp or cotton is commonly used but is liable to 
stretching due to prolonged use and does not therefore maintain 
its length It IS, therefore, necessarj to stretch it thoroughlj 
before it is graduated To do this the hnc is stretched tightlj 
between two posts or coiled tigliUj around a tree or post It 
w then wetted thoroughly and allowed to dry This operation 
is repeated several times until there is no appreciable stretch 
The line IS then tborougly wetted stretched taut and graduated to 
metres The zero of the graduations is at the bottom of the lead and 
each metre marked with a doth or leather tag Each 1 m interv al 
IS marked with a tag of different colour, and c ich 5 m interval 
with a leather tag similar to the brass tag of the measuring cham 
The line should be kept dry when not in use but should be soaked 
in Water for about on hour before it is used for taking soundings 
m order that it should assume its tested length It slioul 1 be 
tested at frequent intervals b) comparing it with a steel tape 
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Sounding Chain — For regular sounduig, a brass sash*chain 
IS most satisfactorj , since its length »s practicallj constant. 
The liohs ate elded oc brated The brass tags ate attached 
at 0 2 m intenals, but leather or cloth tags are preferable 
as the brass ones are likely to injure the hands of the leads* 
man. The chain should be tested penodically because of the 
wear of the links, and tags reset 

Sounding Lead — The weight (Fig 19") attached to a lead 
line IS conical m shape and varies from 2 5kg to 12 5kg depending 
^ upon the depth of water and the strength of the 
current For shallow stOl water a weight of 2 5 kg 
IS sufficient For moderate depths up to about 10 
I m, in fairly quiet water a weight of 5 kg is satis* 
\ factory, while for greater depths and where the cur 
\ rents are strong a 10 kg weight will suJEce The 

I weight IS circular m cross section, and its length 

about three to four times its average diameter. 
CAVfTy and slightly tapers towards the top end The line 
Fig 191 attached to an eye fastened m the top 
Sounding machine — A soundmg machine is very useful 
when much soundmg is to be done The type which is commonly 
used IS band dm en and consists of (i) a piano wire carrying a 
7 kg lead and wound round a drum, and (u) two dials, the outer 
one indicating the depth in m and the mart one tenths of a 
m, connected to the drum by means of gears It is mounted in a 
soundmg boat and can be used up to a maxunum depth of 30 m. 

Faihometer — For ocean soundings an mstrument known 
as a fathometer is used It is an electric device and measures 
the time required for the sound (impulses) to travel to the bottom 
of the water and back 

Signals — Shore signals are lequaed to mark the ranges, i e 
lines along which soundings ate to be taken, and the reference 
pomts to which angular observations are to be taken from a boat. 
They should be sufficiently conspicuous so that they are clearly 
visible for considerable distances The shore si^ial may be 
either 10 cm x 10 cm mast pamted white and firndj 
braced at the bottom or 2 5 cm x 2 5 cm pole fitted 
with iron shoe The tripod signal commonly used m 
triangulation may used For angular observations, objects. 
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such as church spires. 


Pig WSa 


I’ 

Fig 


Wind mills, lighthouses chimneys 
etc are used as signals The 
range signals should be white- 
waslicd or pamted and should 
have flags fastened at their tops or 
discs nailed at their tops For ide- 
ntiflcation they should be disti 
nguished from each other by flags 
of dilTerent colours or by naQmg 
strips of wood to form various geo- 
metrical figures (Fig 198a), such 
as a triangle, square, cross etc 
They are sometimes marked by 


nailmg strips of wood arranged in the form of Roman numerals 
as shown m Fig 198b which serve to designate the number of the 
range when read laterally Sometimes it is required to place one of 
the range signals in the water If the water is shallow, the ordi 
Eaty pole signal may be used But if it is deep, buoys are used as 
fcgaals A buoy is a float made of light wood or a hollow air tight 
vessel properly weighted at the bottom and anchored m a vertical 
position by means of guy wires In the top of a buoy is bored a 
hole in which is mserted o short flag pole Temporary signals 
mny he piles of stone, white-washed marks on rocks or poles 


The Sextant — ^The sextant is a portable and very accurate 
hand mstruraent It is mainly used for measuring angles from 
^ a boat m hydrographic surveying It 

IS also used for astronomical observa 
tions and for measuring s ertical angles 
Unlike the theodolite it measures the 
oblique angles when the observed 
objects are at different altitudes The 
sextant shown m Fig 199 consists 
{sseittu^hy bi im mhex mirror or 
glass I rigidly fixed to a movable arm 
called an index arm The mdesc arm 
^ rotates about a pi\ot placed at the 

F»g 193 centre of the graduated arc and carries 

a 1 emier reading to 10 ' at the end and is fitted with a clamp and 
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tangent screw (2) fhe horizon glass II tlie lower half of which 
IS silvered and the upper half unsil\cred Both index glass and 
horizon glass are perpendicular to the plane of the instrument and 
are parallel to each other when the mdex of the vernier is at 
the zero of the graduated arc (3) A telescope rigidly attached 
to the frame and pointing to the honzon glass (4) A graduated 
arc called the limb which is one sixth of circle (60") The arc is 
divided into degrees and 10 minutes and measures angles upto 120* 
It IS read by the %emier to 1 minute or 10 seconds (5) Coloured 
glasses which may be interposed when bright objects are sighted 
The sextant is identical in principle with the box sextant 

Measuring Angles with the Sextant — Suppose it is 
required to measure a horizontal angle between two objects 

(1) Hold the instrument b> its handle in the right hand so 
that the plane of the limb coincides with the plane of the eye 
and the two objects (2) Look through the telescope and sight 
the left hand object dircctlj through the unstlv ered portion of the 
horizon glars (3) l\Iove the index arm until the unage of the right 
hand object seen m the silvered portion of the horizon glass 
is coincident with the object sight^ directly Clamp the index 
arm and bring the two images into exact coincidence by means of 
the tangent screw (4) Read the vernier The vernier reading is 
then the required angle 

It may be noted that unless the three pomts he in a 
horizontal plane the observed angle is an oblique angle and 
not a true horizontal angle. 

Measuring Vertical Angles — On land an ortijicial horizon 
IS requuxd in obscrsing the altitude of a celestial body {the 
sun or a star) It consists of a shallow vessel (tray) filled with 
mercury, water or oil At sea the visible (sea ) horizon is 
sighted The altitude of the sun or a star is measured above 
the visible honzon In this case it is necessarv to apply a 
correction for dip To observe the altitude of a celestial body 
(i) hold the instrument in the hand so that its arc lies in a 
\ crtical plane (u) Bring the image of the celestial body as 
seen by reflection m the mirror into exact coincidence with 
its image vicircd directly in the artificial horizon with the tangent 
»ww (ill) Read the vernier The vernier reading iS double 
the required altitude 
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Thus in Fig. 200, let AH be the surface of mercury ; E the 
position of the eye ; EK the horizontal Ime dra%vn through E ; 
M the object ; N its reflection nv the mercury ; MEN the observetl 
angle {u e, the angle subtended at the ej'e by the object and 
its image) ; KEM the true altitude (the required angle). 

Since the distances EJI and NM are very great as com* 
pared with EN, EM is parallel to NM. x\NM = KEM. By the 
laws of reflection, ANM =HNE. Smee AH and KE are both 
horizontal, HNE = KEN MEN *= twice KEM. 

Hence the observed angle hlEN is doubV the angle KEM 
or the required altitude is half the observed angle, 


M 



Fig. 200 

Adjustments of the Sextant : — The adjustments of the 
sextant are : (1) To make the index glass perpendicular to the 
plane of the graduated arc. 

(2) To make the horizon glass perpendicular to the plane of 
the graduated arc. 

(3) To moke the horizon glass parallel to the index glass 
when the vernier reads zero. 

(■t) To make the line of sight of the telescope parallel to 
the plane of the graduated arc. 

Tlie adjustments 2 and 8 may be made as for the box sextant. 
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Sounding Party — The personnel of the sounding party 
depends upon the method used m locating soundings ^Yhen the 
soundings are located from the boat, the sounding party consists of 

(1) The surveyor or tlie chief of the pattj He directs 
and supervises all operations sees that the boat is kept on the range 
and usually acts as signalman Sometimes he acts as an instru 
xnent man 

(2) The instrument man who takes angular observations 
on the shore objects 

(S) The recorder who books the soundings as they ore called 
out bj the leadsman, the results of angular of observations, and 
records the times when soundings are made 

(4) The leadsman who makes the soundings and calls out 
the ceaduvgs in feet and tenths to the recorder 

(5) The boat crew comprising two or three experienced 
oarsmen to steer the boat and keep it on the range. 

(G) The signalman who makes signals When the signal 
IS to be given be bolds up the flag for about 10 seconds and 
drops it suddenly at the instant the sounding is made. 

tMien soundings are located by angular observations from 
tbeshore, one or two instrument men are required and stationed 
on the shore Prior to tbe commencement of the sounding work 
the instrument man should set his watch to correspond with that of 
the recorder and compare it at the close of the work, A staffman 
is added when soundmgs are located by stadia observations In 
tidal Waters a gauge reader is stationed at the gauge to note the 
readings atlO to 15 mmutes mtervnls He must be rehablesnd 
should set bis watch to agree with that of the recorder. If sound 
mgs are to be plotted as they are made, a draughtsman is added 

Ranges — ^The lines on which soundmgs are taken, are called 
ranges or range lines They are laid on the shore paralled to pach 
other and at right angles to the shore line or radiating from 
a prominent natural object such as a church spirca when the 
shoreline is very irregular as shown in Fig 201 Each range line 
should be marked bj means of signals erected at two points on i* 
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which should be a considerable distance apart The positions of 
the signals definmg ranges should be carefully located by direct 
raeasuicment, stadia, or tnangulation In the case of rwers or 



streams of great magnitude, the ranges are usually run at right 
angles to the axis of the stream, the signals being erected on either 
one bank or both banks The spacing of the range lines ranges 
from 6 m to 80 m depending upon the object of the survey and 
the nature of the bottom 

Making the Soundings — Up to depths of 20 m, the 
soundings are usually made whDe the boat is in motion If the 
sounding is made by a sounding rod, the leadsman stands in the 
bow and plunges it in the forward direction far enough so that 
when it reaches the bottom, it nil! be in a lertical position He 
then reads the rod quickly to the nearest tenth of o metre 
and calls out the observed reading (depth of each sounding) 
to the recorder who repeats it and recorils it, and also the time 
and the number of the sounding Tlic nature of the bottom is 
observed and recorded at inters als m the note book IVhen 
the sounding hne is used, the leadsman casts the lead forward at 
such a distance that the line will become vertical at the point 
where the sounding is to be taken when the lead reaches the 
bottom When the depth of water is less than about 9 m, the 
lead is wjtbjjajKQ ifcts the water after the rea^mg 3S 
Hut if the depth is greater, the lead is lifted between soundings * 
just enough to clear the obstructions as the boat mo\ es onward. 
If the water vs \er> deep and stdl, soundings ate taken by 
stopping the boat for each sounding For ordinarj engineering 
purposes soundings arc usually taken at 8 to 15 m intervals. 
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fof spec al ^vork the\ ma\ be taken at as c’ose as 2 toSm 
interval 

^Iet^Qds of Locating Soundings — Soundings maj be 
Jc* itcil b the fcllon mg methods scinch are in most coTunoa u>e 

(1) B\ transit and stadia, (2) bj range and tune intervals 
< ) b% range and one angle from shore, (4) bv range and one 
angle from boat (o) b\ two angles from sho”e, (6) bs two angles 
from boat (") b\ intersecting ranges, (S) b\ distances along a 
wire or rope stretchcel across a strmm between stations, and 

bj cross rope 

Location bj Transit and Stadia — In this method a transit 
IS eet up at a pomt on the range and the stadia readings are 
taken on a stadia rod held on the bottom of the boat at the 
instant the sounding is taken. The transit station should be 
near the water level so that there will be no need to read 
vertical angles The transit mav be set up at an> shore point 
whos* position h-is been pre\ louslv (bred In tht> rase, the azimuth 
must be observed and reco*ded In shallow waters the stadia 
rod mav be dispensed with and the stadia readings taken on 
the soundmg rod The method is rapid and sufficiently accurate 
hut IS suitable onh m smooth and shallow waters It is unsuitable 
when soundings are taken far from shore Suppose AB is the 
rang- and B the transit station. P, P, P, etc ate the points 
wl ere 'oundmgs are taken Knowing the stadia intercepts the 
distances BPj BP, BP, etc maj be calculated. 

Location by Range and Time Intervals — In this method the 
sound ng boat is rowed at a uniform speed along the range and 
the soundings are taken at regular interv als of tune. The method 
IS particularlv applicable in still water and for short distances 
and when great accurac> is not required It is however, best 
used m conjunction with other methods In such a case, the 
firit and last soundings on a line of soundmgs are located by 
angular ohserv ations from the shore The inteTToediate soundings 
arc then located bv interpolation according to time mtervals. 

Location by Range and One Angle from Shore- — In this 
tnethed the boat li kept on the range and the angle between the 
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base line and the boat is obsencd with a theodolite set up 



Fig "O' 


O' er one end of the base line, at the instant the 
sounding is made "hen a signal is gi' en from 
the boat The instrument stations should be 
so chosen that the hues of sight will cut the 
ranges as nearly at right angles as practicable, 
and that their positions previously determined 
Thus itt Fig 202, a tli odchte is set up 
at A on the base line AB at right angles to 
the range, and with boti plates clamped at 


2 fero the station 13 is bisected Loosening the upper plate the 
telescope is directed to the boat or leadsman The signalman m 
t^e boat raises the flag a few seconds before the sounding is 
taken to warn the instrument man to be ready and lowers it 
at the instant the sounding is made when the mstruraent man 
reads the angle ( •< i) to the neatest 5 minutes, records it and 
the time in his note book Tlie distance (BC) of the position 
of the sounding *=» d tan <i, where d is the perpendicular 
distance of A from the range Ime and <, the observed angle 
It 18 customary to locate every tenth sounding by an angle, the 
wtermediate soundings being fixed bj time intervals The 
method is useful and gives accurate results 

Location by Range and One Angle from Boat — ^In this 


method instead of measuring the angle from the shore, the angle 



between the range line and some shore 
signal of known position (Fig 203) 
IS observed with a sextant from the 
boat The routine is the same as m 
the prccedmg method The distance 
of the position of the sounding at 
a IS given by dcot where d is the 
perpendicular distance of the shore 
signal from the range line Tlie method 
IS not m common use, since it increases 
the office work The only advantage 
which this method possesses is that 
there is better control over the entire 
work as the instrument-man is in the 


boat and all work u done under the direction of the surveyor 
s L II -17 
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Location by Two Angles from Shore —In this method the 
position of a sounding is located bj taking simultaneous angular 
observations to the boat with a 
theodolite from two shore stations. 
For this purpose, two mstruments 
and two instrument men aie 
required The instrument stations 
should be so chosen that the lines 
of sight will mtersect as nearly at 
right angles as possible They should 
be previouslj connected to the 
shore tTa\ erse or triangulation 
. ,j , system, and the distances between 

..oT “'m rr-ott T 

on shore n,. re.tZ, *’ ® ‘h' two mstnunenl stations 

top^at rero “• ’>“«■ P'»‘« 

SunDarh the inst tmment man at A bisects the station B. 

the“ “ss it; >■"' "fh 

both men simnlf **’*®*S*^ flag m the boat is lowered, 

ante tad tht titr°^ ““ 

toerZi thV“ , "'•"'""on of the two hnes of sieht 

the position P soimdme The co-ordinates of 

relatfons ' sounding mas be computed from the 


Fig £(M 


_ d tan < 

^ S -^tano 


and 


_ d tan 9 tan 0 
tan g -I- tanO 


TisS, 1 ° “> “■« Conseqn. 

Setiedmte T T “ ““ and the positions rf 

IS done carefullv snfPcienUd accurate results, if the work 

to keen the h f ^ “Sed where It is not possible 

to Moot the "“f ^ ™ n nmge. m where it is not coavenieat 
The disTd™,. "r ”” '"™"‘ topographs of the shore. 
te,u^“''or,he"'s°“’'' ■“‘tumen. men are 
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Location by Two Angles from Boat (Fig. 205.) In this 
method the positions of soundings are located by measuring t^\o 
angles simultaneously with a sextant 
from the boat (P) to three shore signals, 
or any points (A, B, and C) whose posi- 
tions have been pre% lously known. The 
points sighted should be veil defined, 
clcatly visible, p tauicnt natural 
objects, such as church spires, chimnev s, 
lighthouses, flagstaffs, buoys, etc , but if 
they are not available, the range poles 
may be used. In this work it is impor. 
tant that the angles must be measured simultaneously and, there- 
fore, obseriations are taken both by the sun’eyor and the instru- 
ment man (one observes the angle APB and the other the angle 
BPC). If the observations are taken by the 5ur\'eyor alone, 
he should use two instruments m onJer that very little tune is 
lost between two observations- The angles are read afterwards. 
In order to minimise the error in measuring the angles and 
plollmg them, the nearer objects should be preferred to distant 
ones. This method is the application of the well known three- 
point problem and is commonly used where no ranges are 
employed. 

Location by Intersecting Ranges In this method fixed 
ranges ore so located on the shore that they intersect as nearly 
at rig ht angles as practicable and are 
perm onently marked by means of 
range signals. The boat is rowed to 
the several mtersections of these ranges 
(Fig. 206), and the soundmgs are taken 
m the usual way. This method is used 
when repeated soundmgs are to be 
made at the same points at different 
periods to determme whether the bottom of the channel m a 
given place is silling or scouring, or to determine the quantity 
of material removed by dredging. 

Location by Distanc along a IVire or Rope stretched 
cross Stream between Stations (Fig 207). In this method 



Tig S06 





Fig. 203 
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a Wire or rope is stretched taut between fixed points on opposite 
b'lnhs and is marked bj means of cloth or metal tags at equal 



Fig 20” 

Intervals along the wire or rope The boat is rowed to these points 
and soundings ore then taken This is the most accurate, but most 
expensive method It is used when soundings are to be taken 
along the cross sections of a canal or narrow riv er It is also used 
when it IS required to determine the quantity of material removed 
by dredging, the soundmgs being taken before and after the 
dredging work is done If a contour survey of the river bed over 
0 considerable distance is required a traverse is run along one 
bank, and at definite distances along the trav erse lines sections 
are taken across the stream in suitable directions 


Location by Cross Rope — In this method a steel strand 
wire rope with brass or leather tags fastened to it at intervals 
of 2 m to 5 m is stretched across the line of soundmgs, 
the zero end of the rope being secured to a spike on the range 
The reel boat proceeds along the Ime of soundings unwinding 
the rope as it mo\es The sounding boat is steered to each of 
the tags and the soundings arc taken opposite each tag On 
the completion of the section, the sounding boat is rowed to 
the starting point of the next line and the reel boat ^lo^ es back 
along the line, winding the tope This is the most accural** 
method and is well adapted to soundmgs in harbours and across 
rivers of less than about 400 m in width 

Reduction of Soundings — ^The datum commonly adopted 
for reduction of soundings is the mean low water ( or mean level 
ef/onurofer ) of spring tides written as 51 L S orL W 0 ST 
and all soundmgs ore reduced to tins datum This is done by 
applying gauge corrections algebraically to the observed sounding* 
In tideless waters the correction is equal to the difference of 
level between the actual water surface and the datum, and i> 
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coBStnnt , while m tidal ■waters the correction is not constant as 
the le\ el of the -vs atei surface is constantly changing The amount 
of correction for each sounding may be determined by finding 
the difference between the appropriate gauge reading and the 
gauge reading of the datum The correction is positiie if the- 
^alue of the datum as indicated on the gauge is greater than the 
gauge reading and negati\e if it is less than the gauge reading. 

IlUistratton — Let the gauge reading at 0 80 a ra and 
0 40 a m be 3 65 m and 3 75 m respectiv ch , the gauge 
reading of the da^um 15m, the soundings 1 2 3 25 and 
8 50 jn at 0 35 a m 

The mean height at 9 30 a m = — ^ ^ =s; 3 70m 

The correction = (8 70—1 50) =« — 2 20 m 

The reduced soundings arc 

1 — 2 20 = — 1 20 m 2 — 2 20 = — 0 20 m, 

3 35 — 2 20 =* + 1 05 m , 8 50 — 2 20 = + 6 80 m 

The minus sign of the first reduced sounding indicates that 
the point 18 above the datum 

Plotting Soundings —To begin mtli the shore survey is 
plotted on the plan The reference points instrument stations, 
range lines are then plotted Having plotted these control 
points the reduced soundings arc plotted b\ means of the 
measured angles or distances the angles being plotted with a 
big size paper protractor The values of the reduced soundmgs 
are then uTitten at the points niuch represent their positions 
and contours mterpolated m the usual manner In addition 
to the contours the foUowmg information should be shown on the 
plan in conventional symbols 

(i) Datum, (ii) High and low water Imes (iii) Land features 
and lighthouses, buoys, etc 

^Vhen soundings are located by two sextant angles from the 
boat their positions may be plotted as explained below 

The Three-point Problem — Gi\ en three known points A,B, 
and C on tlie shore (Fig 205) and the v alues << ^ and «< j of the 
angles APB and BPC subtended by them at the sounding 
boat P It IS required to plot P The problem may be solved 
(j) mechanicallj , (ii) graphicallj , and (in) analytically 
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Mechanical Solution — (1) The point P may be plotted very 
easily by the use of a station ponder sho^vn in Fi" 208 The 



station pointer also called a three-arm protractor consists of (i) 
a circle graduated m both directions from 0® to 860®, and (u) 
three arms radiating from a common centre which is the centre 
of the graduated circle The middle arm is fixed and its fiducial 
edge coincides with the zero of the graduations, while the other 
two arms are mo\abIe and con be revolved around the centre 
of the mstrument They are fitted with verniers reading to one 
minute and also provided with clamps and tangent screws for 
accurate adjustment Lengthening pieces are supplied with 
the instrument to extend the arms To use the instrument, 
the left arm is sccuratclj set at the obsened angle «<i by 
means of the ^ emier and then clamped Simdarly, the right arm is 
set at the observed angle and then clamped The instrument 
is then moved over the plan until the bev elled edges of the three 
anns simultaneously pass tlirough tlie plotted positions of the 
three points A, B, and C The centre of the mstrument then 
locites the position of the required point P, which is marked on 
the plan with a pricker or a hard pencil Alternatively, the 
position of the required point P is obtained by the intersection 
of lines drawn along the edges of the arms 

(2) Tracing paper method — ^The point P may be quickly 
plotted by the tracing paper method The obsert ed angles 
APB ( •<j)andBPC( <{) are plotted on a piece of tracing paper 
The tracing paper is then placed rm the plan and moved about 
until the lines PA, PB, and PC simultaneously pass through the 
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plotted positions of A, B, and C respectively. Thepoint P is then 
pricked through. 

Graphical Solutions (a) Id Fig. 209, let A, B, and C be 
three known points Join AC. At A draw a Jme AD, making an 
angle equal to < 2 , and at C draw a Ime CD making an angle 
equal to k - i . Let D be the point of intersection of these two 
lines. Now draw a circle passing through A, D, end C. Join 
DB and produce it to cut the circle in P which gives the position 
of the required point P. 

Proof :—^APD = z:ACD = <iand Z.DPC « Z.DAC = 



Fig 210 

(b) In Fig. 210, A, B, and C ate three known points. Join 
AB and BC. From A and B draw lines AOi and BOj, each 
making an angle of 90®— •<, with AB on the side towards P and 
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intersecting at Oj Simi!arl 5 atB and C drnwlines BO* and CO, 
making angles %\ith BC eacli equal to 90 — nnd intersectmg 
at 0 ith centre 0,, describe a circle througi* A ond B and 
ivitli centre 0, draiv a circle through B and C The point of 
intersection P of the tuo circles is the required point 

Proof — ZAPB = i^40,B = ZBPC=4ZB0,C= 

(c) Join AB and BC (Pig 2H) At B draw' BE makmg an 
angle of DO'* — *< , and at A draw n perpendiculaf to AB, meeting 
BE at E Similarlj from B draw BD so that the angle CBD is equal 
to 90®— o<. Prom C erect a perpendicular to CB cutting BD 
in D Join ED and drop a perpendicular on ED ffomB The foot 
of the perpendicular is then the required point P 

Proof —The quadrilaterals AEPB and BPPC being eyebe. 



ZAPS = ZACB = <, and ZBPC = ZBDC = <t 

Note — (i) If the observed angles (•< , and •<,)are obtuse 
the angles *<,— 90* and K,— 90" should be set off on the side 
of AB or BC remote from P 

(ii) The problem is mdetcnninate when the point P of 
observation and the three observed points A B, and C are 
concj he 

Analytical Solution — The analytical solution is given on 
page IjO 
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PROBLEMS 

1. What 19 meant by “ SouDdmg9 ” T State the equipment and personnel 

for loeatiQg soandioga How are they taken ' Describe bnefly the vanons 
methods of locating aoundinga (UP) 

2. A riTCr survey is to be coadnoted with a view to determine the bed level 

by means of soundings Explain hovr you would carrv out this work and 
collect all the data for plotting the survey (IB) 

3. A, B, and G ire three points in a hydrographical survey and all these 

points are charted and visible Angles APB and BPC are observed 
with a sextant from a sounding boat at P Describe how yon would 
plot the point P in the survey byeach of the following three methods . 
(a) mechanical method (using an instrument), (b) analytical methods 
and (c) graphical eonstractioa method (U B ) 

4. The sides AB and BC of a triangle ABC with stations m clockwise 
order are 2001 m and 3144 m respectively and the angle ABC is 

24’ Ontside thii triangle, a station 0 is established, the stations 
B and 0 being on the opposite sides of AC Tbe position of 0 is to 
be found hy three point resection on A, B, and C, the angles AOB 
and BOC being respectively 24* 12 and 36* 6 Determine tbe distances 
OA and OC (UP) 

(Ans OA - 4640 73m , OB-5223 23 m ) 

5 In order to locate the position (P) of a sounding boat, the angles 
APB and BPC snbtended at P by three points A, B, and C on the 
shore were measured with a sextant and fonnd to be 23* 42 40' and 
SO® 2S 20* respectively, the points B and P being on opposite sides of 
AC The lengths of AB and BC scaled from a map were 018 m and 
1074 ra respectively, and the augle ABC was 60® 50* 40' Compute the 
distances PA, PB, and PC 

(Ans PA-1133 63m . PB=.\733 28m , PC-880 13m) 

6 Observations were made with a sextant at a point P to three point 
A, B, and C on the shore, the point P being outside tbe tnangte ABC 
and on the same side of AC as B 

The observed angles APB and BPC were 23* 45 25* and 47® 30 50*. 
The lengths of AB, BC, and CA were sealed from n map and fonnd to 
be 1633 6, 2002 2, 2999 4 m re^cUvely Tind tbe distances of P from 
A, B, and C 

(Ans PA-23GI 14 m , PB=8S9 13ni , PC = 2J92 32 m) 

7. Below are given the co ordinates of three stations A, B, and C 

Station North CO ordinate Bast co-ordinate 

A 5000 4000 

B 9o7» 10360 

C 5000 155S0 
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la order to locate a secondary station P inside the tnangle ABC, the 
angles APB and BPC were measued at P and found to be 130° 43' 12 
and 86® 32' 43' respectively. Detenmne the co ordinates of P. 

/ Log AP =« 3 736484; Bearing of AP= N. 71® 20' 20''6 

Log BP = 3 451242 , „ ofBP» S 22® 8'32'*5W. 

Log CP •= 3 783854 . of CP « N 71® 18' 39' 6 IT. 

Latitnde of AP= + 1936 99 , Departure of AP=» +5794 71 
„ of BP= -2618 00, ofBP=-1065 33 

L „ of CP= +19o6 99. of CP = -6785 34 

(Ans North eo ordinate of P=6936 99 , East co ordinate of P=9794*6S } 

S , In the course of a hydrographical surrey, an observer takes the sex- 
tant angles APB and BPC subtended at the boat P by the pouts 
A, B, and C on the shore, the points B and P being on the opposite 
sides of AC. The angles APB and BPC are found to be 35® 24' and 
48® 12' rsespectirely. The lengths of AB and BC 'are 984 m and 
1339.6 m respectirely. The angle ABC is 142® 36'. Determine the dista- 
nces PA and PC. 

(Ans PA = 1575*60 m. , PC- 1695*32 m) 

+ + ■► 



CHAPTER X 


TOPOGRAPHIC SURVEYING 


By topography is meant the shape or configuration of the 
earth’s surface, called the relief, together with the works con- 
structed thereon by man Topographic surveying is the process 
of determinmg the positions, both m plan and elevation, of the 
natural and artificial features of a region, and delmeatmg them 
by meins of conventional symbols upon a map called a topo- 
graphic map The distinguishing feature of a topographic 
survey is the location and sketching of contours A topographic 
map shows (1) the relief including hills and valleys (2) the natural 
features, such as streams, rivers, lakes, trees, etc , (3) the artifi- 
cial features, such as roads, railwajs, canals, bouses fences, 
cultivation, etc In topographic surveying methods of surveying 
( methods of horizontal location ) are combmed with methods 
of leielling and, therefore, every surveying instrument may b© 
used to adiantage m topographic work 

Topographic maps are necessary and very valuable in the 
design and location of engineering projects, such as railways, 
highways, irrigation, watcrsupply, drainage, reservoir, etc. 
They are of great importance to the geologist, industrialist etc , 
and are of very great aid to the military commander for military 
operations in tunes of war Such maps are prepared by govern- 
ment organizations (In India by the Survey of India department) 

The scales recommended range from 1 cm to 2 5 km 

(R. F — ^ ) tolcmto0 2Skm(RF — ) 

2,50,000 25000 

The scale of the map depends mainly upon the purpose of the map 
and must be known before the field u ork is commenced, since 
the choice of the mstniments and methods to be employed m 
order to ensure the desired degree of precision depends to a great 
extent upon the map scale 
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The position of a point in space is fixed br its thice co-ordi 
nates the tv. o horiiontal co-oidinates (is it m a horizontal olane, 
while the vertical one fixes it in a vertical plan- 

Representation of Relief — Relief maj be represented on a 
map b\ hachutes contours shading form Lties or relief models 
Ho vever there are two general sv steins of representing the relief 
on a map 'iz (1) bv haebures and (2) b% contours or contour 
lines In the first sv stem short lines called hachures are always 
drawn in the direction of the steepest slope The lines are fine 
and Mideh spaced for a gentle slope nliile for a steep slope they 
are thick, and closdj spaced This s)S*^eni gues th" relative 
idea of the form of the ground but does not giv e the actual ele- 
V ations of the surface of the ground On the other hand the con* 
tour lines not onlv give tie relative idea of the topography, 
but abo the actual elevations of the ground surface For this 
reason and because the> ha\ e the widest use the s> stem of repre- 
senting the relief b> the contours ts the best and is in the most 
general use 

Procedure — Theprimarv object of a topographic survey 
is the preparation of a topographic map A topographic survey 
eonsuts in loimtuig a sufficient number of critical or represen 
tative points bv means of three co-ordinates so as to enable the 
intervening surface of the ground to be known The field work 
maj be done m the following steps (1) Establishing control 
both horizontal and vertical (2) Locating contours, and (3) 
Locating the details such ns streams rivers roads railwaj'S, 
houses etc 4^hen the area ot survev is small the entire work 
mav be done simultaneoush and bj one partj But m the case 
of extensive surrevs it is usualK done m correct sequence by 
severil parties one partv establishing horizontal cont-ol another 
partv establishing vertical control while other parties locating 
contours and filling in the details 

Horizontal Control — The purpose of establishing horizontal 
control points is to prevent excessive accumulation of error The 
control i» established with such precision tliat the errors of thcr 
positions cannot be shown on the map The honzontal control 
forms the skeleton of the survev from which the contours and 
the detaik are located There are two general method* of esta 
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bhshing the horizontal control (i e i system of control points 
located in plan ) (1) Triangulation and (2) Traversing tnangula- 
tion being the best and most accurate In verj extensive 
surveys tvo systems of horizontal control are used — (i) primary 
and (ii) secondary, the primary control bemg usually established 
by triangulation But m flat and doisely wooded country where 
triangulation is impracticable or verv expensive the primary 
horizontal control may be established bv precise traversmg 



FiS 212 



Fig 213 


Sometimes a combination of the two is required To begin with, 
the primary control points or stations are established Within 
this system of primary control other stations are established 
with less precision forramg the secondary control These 
secondary control stations from which the details are located are 
established by running transit and tape traverses each traverse 
starting from any one primary control station and closing on some 
other primary station as shown m Figa 212 and 213 In this 
way the framework on which the surv ey is built is developed so as 
to cover every portion of the ground Secondary traverses are 
sometimes run with the plane table On surveys of small areas 
only one system of control points is required and is established 
by traversing In topograpliical surveys of large areas the refer 
ence meridian commonly adopted is the true meridian, and it 
IS established by means of astrononucal observations The frame- 
work of the survey is then tied to the true meridian by measur 
mg the angle between the true meridian and any mam line of 
the survev 


Vertical Control — The object of the vertical control is to 
determme the elevations of the pmuary control stations or to 
estabhsh bench marks near them and at conv enient mterv als ov er 



526 


8UEVEYING AKD LEVELLING 


the entire area so that the levelling operations of the parties may 
be started from and ended on them, and also they may serve 
as reference points for future work On extensive surveys the 
primary vertical control is established by precise levelling, and 
the devations o£ the ptimaTy stations located b> triangulatioa 
are ascertained by tr^nometncal levelling The secondary 
vertical control i e the elevations of traverse stations or bench 
marks near them is established by ordinary spirit levelling For 
rough work barometric leielling may be used The degree of 
accuracy desired m establishing primary vertical control varies 
from *^Krnm to 12 mm according to the scale of the 
map and that for secondary control 12a/Iv mm to 24 mm 
■where K is the distance in km 


The following are the instruments and methods used for 
establishing horizontal os well os vertical control 


C&ntrol hislrvmcnt 

Method 

Horizontal { Transit 

Primary Transit and tape 

Triangulatioa 

Precise trav etsing 

Secondary 

Transit and tape 

Trn\ mmg by the fast 
needle method 

Tertiary 

Plane table 
Compass and cham 

Traversing 

Traversing by the loose 
needle method 

Vertical 

Primary 

Transit 

Precise level 

Trigonometric levelling 
Precise leveIJmg 

Secondary 

Engineer s level 
Barometer 

Ordinary Spirit lev elling 
Barometric levelling 


Locating Contours — There are two general methods of 
locating contours ( 1 ) Direct and (2) Indirect In the direct 
mctJiod the points on the contours ( contour points) near enough 
together are found m the field and then located These points 
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are then plotted on the map and appropriate contours are drawn 
through them Enough pomts should be located on each contour 
so that accurate contours can be dra^m bj connecting the points 
when plotted on the map, smce the accuracy of the contoured 
map depends upon the number and proper distribution of the 
selected points, which, m turn, depends upon the nature of the 
ground whether regular of irregular, ana also upon the scale of 
the map At places of sharp cur\ature or abrupt changes m 
direction pomts should be close together while they should be 
farther apart when the ground is e\ en or gently sloping Salient 
pomts on ridge lines and \ alley lines should be located This 
method, although most accurate is slow and tedious and is 
usually used (i) where great accuracy is required, e g close con- 
touring of small areas, (ii) where a few contours are to be located, 
or (lu) where the ground surface is even or has gentle slopes 

In the mdiiect method pomts at random (ground pomts) 
are located and contours interpolated after thej are plotted In 
this method critical or representative points, le pomts at which 
the ground surface changes its slope appreciably either m amount or 
direction, pomts on ridge and valley Imes, are chosen and 
located The precedmg remarks regardmg the number and 
disposition of the pomts hold good m this case also If the scale 
IS large pomts should be close together, while if it is small, they 
should be farther apart The mdirect method is well adapted to 
locatmg contours when the ground is rough ( \ erj irregular ) 
or when many contours are to be located It is in most general 
use In either method the elevations of the pomts ( contour or 
ground pomts) are usually determmed by spirit levellmg, usmg 
the engineer s lec el, or hand lec el They are located with respect 
to the control stations by the angle and distance method The 
angles are measured with a transit ( or graphically with a plane 
table) and the distances measured either with a tape or by 
stadia Howe^ er, when the ground is too irregular, the transit- 
stadia method IS well suited to locating; contours and filling in 
the details 

Methods of Locating Contours — ^The methods of locatmg 
contours are (1) the Direct legation method, also known as 
the Trace contour method, (2) the ControUmg pomt method. 
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(3) the method by Cross sections, sdso called the Cross profile- 
method, and (4) the method by Squares also termed, as the 
Cheeherboard method 

1 Direct-location Method — ^This method is commonly 
adopted on large scale surveys It is suitable when the topo* 
^aphj IS to be determined with considerable precision or when the 
contour interval is small In this method the plane table is 
commonly used for horizontal control (the transit may be used) 
and the engineer’s level is used to determine the elevations of 
the contour points (i e points actually on the contours ) The 
party comprises (i) a topographer, (ii) ale\elm3n,(iu) a computer, 
(iv) two or more staffnxen (v) one or more axemen, if required 

Procedure — The plane table is set up at one of the control 
points which have been previously plotted on the plane table 
sheet, and is then properly oriented. Having set up the level 
at a convenient position the levelman finds the elevation of the 
plane of collimation (H I ) by taking n backsight on the nearby 
bench mark He then obtains the stafT reading required to 
locate the point on a given contour by deducting the eleva 
tion of the contour from the B I , and directs the stafTman up 
or down the slope until the required readmg is obtained The 
topographer immediately sights this point, draws a ray and plots 
It on the plane table sheet by scaling its distance from the plane 
table station The stalTman then proceeds to another point on 
the same contorr which is similarly located It may be noted 
that one contour is located at a tune Howev er, on rough ground, 
points on the nevt higher or lower contour are located The 
distances to the contour points from the instrument station 
maj be determmed by stadia or measured with the tape The 
contours may be located more raoidly but less accurately by 
means of a hand level 

2 ControUing-point Method — In this method points are 
taken at random m the field and located with respect to the 
control stations Ground points on ridge and valley lines, tops 
and bottoms of slope represoitativ e pomts where the surface of 
the ground changes its slope either in direction or amount are 
chosen and located The mstniments employed are the tacheo- 
metcr ( transit and stadia ) the plane table, or both together 
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The topography party includes (i) a transitman, (u) a recorder, 
(m) two stafTmen, and (iv) one or more axemen, if needed 

(а) By Transit and Stadia — The transit is set up at either 
a primary or secondary control station and oriented by sightmg 
on the nearest adjacent station The details m the neighbour- 
hood of the station are located by measuring the angles, and the 
distances by stadia To locate a point, three observations are 
necessary ; (i) the horizontal angle, (ii) the vertical angle, and (in) 
the staff-readings of the top, middle, and bottom wires (or hairs) 
The observations tahen on the detail points are termed as “ side 
shots ” The recorder enters the notes in the field book and 
describes all the pomts by appropriate remarks and sketches. 
Where the details are numerous, a draughtsman is stationed 
near the instrument and the points are plotted to a smaller scale 
than that of the map as they are located, and the topographical 
features are then sketched 

(б) By the Plane Table — The instruments required are (i) 
the plane table (with telescopic alidade), (ii) a scale, pencil, end 
stadia tables, The topography party consists of (i) the plane- 
tabler, (ii) the computer, and (in) two stallmen 

Prior to the field work, the control points are plotted on the 
plane table sheet and the elevations of the bench marks are also 
recorded on the sheet. 

The plane table is set up at a convenient station (either the 
primary or secondary control station ) and oriented by takmg a 
hack sight on the nearest adjacent station The plane-table 
man then directs the stafi'man to the critical or representative 
point. He then sights the staff with the alidade, draws a ray, 
reads the i ertical angle, and the three cross wires The computer 
now computes the distance and the ele\ atioii of the point He 
then plots the point by setting off to scale along the lay 
the distance as computed by the computer, and records the 
cle\ation near the plotted pomt Other pomts are similarly 
me tbea damm pt/ffA's me 

located by intersection and their elevations determmed by 
trigonometrical levelling The advantages of the plane table 
m locating the details are • (1) Smce the pomts are plotted m 
the field, mistakes or omissions can be easily detected, and 
(2) the plane table can be set up at any advantageous station 
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aad its position on the sheet determined by the solution of the 
three-point or tivo point problem Its delation is deter- 
mined by trigonometrical lei ellmg To do this vertical angles 
are obsen ed to signals of Ijiotra height aboi e the stations 
vhose positions haie been preiiously plotted on the sheet and 
vhose eJeintions are known The horizontal distances from 
the instrument station to these three pomts ate scaled from 
the plane table sheet The lertical angle should be observed 
on both faces to eliinmate instrumental errors The computed 
differences of elei ation should be corrected for curvature and 
refraction The delation of the alidade is then computed from 
each of the three obsen ations and the a\ eiage of the three \ alues 
is adopted as the elei ation of the alidade The elei ation of the 
instnunent station is then obtamed by subtractmg the height 
of the alidade aboie the ground from the mean lalue of the 
delation of the alidade (see Approximate method> page 55} 

(c) By Transit and Plane Table —Both the transit and the 
plane table are adiantageously employed when numerous de- 
tails are to be located The topograpb> party consists of (i) 
the transitman, (u) the plane-table man, (ui) the computer, and 
(ir) two staffmen As before, the transit is set up at one of the 
control stations and oriented Sunilarly, the plane table is set 
up near transit station and properly oriented, its position being 
plotted on the sheet A staff is then held at the selected ground 
point The transitman then sights the staff, rends the lertical 
angle and all the three cross hairs ith the alidade centred 
over the station point on tlie sheet the plane tible man bisects 
the staff and dran s a ray along the fiducial edge of the alidade 
The computer computes the distance and elei ation of the point 
The plane table man then plots the distance to scale along the 
ray, thus locating the point, and records its delation near the 
plotted point The adrantage of the combmed use of the 
transit and plane table is that the field work is more rapid 
3 Method ByCross-Scctions — This method is most com- 
monly used for route sun eys as n dl as sun ej s of a hilly country. 
'S'lie instruments reqmrefl lor the iiofk are (i) ftie engineer‘'s‘leie'i, 
(u) the hand leiel or the Abn^ leid, (lu) two leielling staves, 
(iv ) the steel or metallic tope and (v) the field book and sketch 
book 
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The topography party consists of ( i ) the topographer^ 
(u) two staffmen, (m) two chainmen 

The engineer’s level is used for large scale surveys or for 
fiat country, while m other cases, the hand level is used 

Procedure — ^The traverse line is first staked at SO m sta- 
tions (called the Full Stations) and the elevations of these stations^ 
are determined by profile levdlmg Lmes are set out at nght 
anglestoandon€achsideofthetra\etsel!neat eachofthe 30m 
stations The representative (or critical) pomts, i e points of 
change m slope are chosen on the trans\erse lmes and their 
elevations determmed to the nearest tenth of a foot with either 
the le^ el or the hand lei el The distances to these ground pomts 
are then measured with the tape Sometimes the contour pomts- 
are determined on the transi crse lines and are located m a similar 
manner For small scale maps the slopes of the ground surface 
may be determined by the Abney le\ el and the distances to the- 
ground pomts (critical pomts) by pacmg 

4 Method By Squares —This method is most suitable for 
large scale sun eys and for areas of moderate extent The equip* 
ment consists of (i) the transit (u) the engineer s level (in) two 
le\ ellmg staves (iv) the steel tape and a number of stakes The 
topography patty consists of (i) the topc^apher, (u) the lei elman,. 
(m) two staffmen, and (iv) two chainmen 

In this method the area is dnided mlo a senes of squares 
(or rectangles), the sizes of the squares rangmg from S m to 
80 m side, depending upon the nature of the ground The squares 
are usually 15 m side 

Procedure — A rectangle enclosing the area to be mapped 
IS first set out with the transit and tape setting stakes at 
80 m intern als, and a line of lei els is run along the sides of the 
rectangle to determme the eleiations of the groimd at each of 
these stakes The area is further subdiiided mto 15 m or 30 m 
squares with stakes set at each comer The level is then set up 
at a convenient position and the elevation of the ground at each 
stake IS determmed Also the pomts of change m slope withm 
the squares may be located on the diagonals or bj measurements 
from the sides of the squares Other details such as roads, 
fences, etc should be located from the sides of the squares 
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Loc^t^o^ of Details — Thedet-vUs areloeated from the near- 
est or most cons enieOt stations bj eitlier linear or an^lar 
methods of locating objects 

Roads streams fences buildings are located by offsets 
Irregular features indefinite lines, such as uregular toads 
shore lines banks of ructs ate located by the method of 
intersection 

Dam Sur>ejs — The follofwmg surveys are necessary m 
connection with the design and construction of a dam 

(1) Tnaiigulation Survey — ^Tlie purposes of the tnangu- 
lation sun e\ are (i) to establish control both horizontal and 
vertical for the topographic and hydrographic surveys, and 
(ii) to determine the length of the dam 

K number of traivsit stations reference points and bench 
marks are accurateW established both upstream and downstrearn 
of the dam Since the construction of the dam usually begins 
after some years, they should be permanently marked and care- 
fully referenced so that they may be readily available for 
future use 

(2) Topographte Survey (a) A topographic survey of the 
reservoir site is made vrith a view to determine the topography 
in detail To do this, the centre line of the dam is laid out on 
the ground and two lines arc set out at right angles to and near 
eacli end of it The lines on which the cross sections of the 



reservoir are to be taken are marked by measuring equal distan- 
ces, usually one chain along both Imes The lines so ranged are 
■obviously parallel to each other and to the centre line of the 
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dam Levels are then taken on each of these lines m the usual 
way In addition, the crcas sections are taken at intermediate 
pomts of appreciable change m slope Thus in Fig 214 AB 
IS the centre line of the dam, AC and BD are the lines per- 
pendicular to AB , 1— 1, 2 — 2 3 — 3 etc are the cross 
sectional lines 

(b) A topographic survey of the site of the dam is made by 
running a line of lev els along the centre line of the dam and bv 
taking cross sections along the dam site in the usual manner 

(3) Hydrographic Survey — A hjdrographic survey of the 
river is made ov er a sufficient distance along the river Extensive 
soundings and borings arc taken to ascertain the character of 
the foundations 

(4) Property line Suney — A propertv survey is made m 
order to determine the area submerged b> the reservoir and the 
areas to be acquired from the individual owners 

(5) Route Survey — Surveys for a road or railway are nece- 
ssary to connect the site of the dam with the existing Imes of 
communication 

The shore Une is marked by the direct location methot 
( trace contour method ) of contouring and stakes are set ad 
interval Monuments are set above the ^hore line by running 
traverse around the reservoir and also bench marks are esta 
hhshed at points above the shore line The area to be flooded 
is determmed by a planiraeter and the capacity of the reserv oir 
is calculated from the contour map bv either the trapezoidal 
formula or prismoidal formula 


+ + + 
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Route sunejs are sur\eys conducted along a narrow strip 
O'" belt of tciMtory for tbe location and construction of transpor 
tion and communication lines, such as roads, railways, canals, 
pipe lines, transmission lines, etc They are conducted m the 
following senes of sune\s — (l) Reconnaissance, (2) Prelunmarj, 
(8) Location and (4) Construction Sursej 

(1) Reconnaissance Survey — A reconnaissance survej la 
rapid and rough but thorough survey or examination of the 
entire area corecing various possible routes between selected 
tecminit nith a view to ascertain the best general route and the 
approximate cost of the pto)ected Ime It, therefore, mv elves the 
determination of all possible routes between terminii and a 
very careful consideration as to which of the several routes may 
be advantageous and consequently, subjected m later surveys 
to a more careful, detailed and accurate study 

The reconnaissance is the most important of the senes 
of survey s conducted for the location of the line and forms the 
basis and the key to the project A very thorough and exhaustive 
exammation of the whole area should, therefore, be made to 
ensure that no possible route has been overlooked The survey 
should not be restricted to special or easy routes only 

A reconnaissance survQ is not an eXemerdary survey 
and mistakes made m the selection of route will rum the entire 
project, and if not immediately detected and rectified before 
commencement of construction, the error is likely to continue 
for many years and the Ime will thus be put to serious disad- 
vantage m relation to its cmnpetitors , this is specially so in 
the case of railways The reconnaissance must, tlierefore, be 
entrusted to a very experienced engmeer who should be resource- 
ful, unbiassed, painstaking, and gifted with engineering and 
business judgment as well as wide powers of observation and 
a natural aptitude for the job 



aoUTE SUKVEYING 


535 


To begin vrith, the reconnaissance engineer should secure 
the best a\ ailable maps, ( such as the Survey of India 
maps ) of the territory under in\ estigation, since they are of 
greatest help and studj them carefully and sketch on them 
various possible routes \\ith these maps m hand, the area 
under consideration should be traversed on foot, horse back, 
or automobile, and the i arious routes should be gone over and 
examined m detail m order to rightly assess their feasibility 
and relative merits The difficult routes should be gone over 
in both directions, because a route that does not appear to be 
feasible from one direction may be v ery feasible when approached 
from the other direction 

The rapid obsen atjons for heights, distances, and gradients 
are made with an aneaoid barometer, clinometer, pedometer, 
odometer, etc , and directions obtained bv means of a compass. 
The field notes are usuallv recorded on the available maps and 
in a narrativ e form m a note book In the absence of maps, the 
results of this survey are made use of in preparing a rough 
topographic map of the area under mvestigation 

In the course of reconnaissance, information should be 
collected on (1) the topographv of the country, (2) possible 
nilmg gradients (8) obligatory pomls, such as mtermediate 
towns, markets, or production centres, saddles, river crossmgs, 
tunnel sites etc , and denied areas, (■t) geological characteristics 
of the areas affectmg foundations for bridges and stability of 
the line, (5) extent of vwterwav required for nalla and river 
crossings, (6) maximum flood levels, (7) availability of building 
materials and labour, (8) special structures, (9) number and 
length of more important bridges, (10) value of land, (11) m the 
case of railways, the total probable curv aturc, minunum 
probable radius and suitable sites for stations, (12) total length 
of the Ime, (13) probable amount of earthwork, and (14) the 
approximate cost of construction 

The reconnaissance report should include (1) a summary of 
collected information, ( 2 ) a description of various alternative 
routes and a recommendation as to the feasible route or routes, 
(3) an approxunate cost of construction, (4) time required for 
construction, (5) an analysis of economic values, (6) appended 
oiaps and photographs 
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As a result of reconnaissance only one or t^o routes will be- 
selected as the most suitable and consequently dtsers mg a further 
detailed studj Isow a dajs evcdlent topographic maps can be 
prepared from aerial photographs taken with special cameras 
and such maps 'vre Nerj sa’uable for the purpose of selecting 
routes in unexplored and unmapped regions They are mialua 
ble m sur^cjing maccessible regions and forbidden property and 
supplementing m a few hours lack of data as nell as bringing 
out anj maccurac) of a\ailable ground maps particularly in 
regard to topographj nbich is of paramount importance in the 
location of highuais and railways 

(2) Preliminary Survey — K preliminarj survey a 
detailed instrumental examination or survey of a belt or narrow 
strip of countrj along a route or routes selected as a result of 
reconnaissance with a v len to prepare an accurate topographic 
map of the belt of country along the selected route and thus 
arrive at a fairlj clo«e estimate of the cost of the projected 
line It therefore consists in fixing a senes of straight lines 
as in open traversing along the selected route and determining 
with accuraev the v anous distances heights and angles in order 
to map out preeiselj the topograph) of a strip or belt of territory 
within which it is expected that the located line will lie The strip 
or belt should be sufficient!) wide to embrace an> possible v ana 
tions in the position of the line as finally located this width is 
approximately 120 m for highwa)s and 400 m for rai]wa)S and 
depends verv la^elj upon the character of the country 

The preliminary survey is made with the same degree 
of precision as that required for the location sun ey It is a 
survey containing all data and details required for planning 
the paper location of the projected line Under this survey 
the actual setting out of the proposed alignment on the ground is 
not at all required In the case of railways the results of this 
survev are normally considered along with the results of the traffic 
survey m order to decide whether to budd or not to build the 
line at all 

The instruments generallv anployed for the preliminary 
survey are (1) a transit <2) an engineers level (3) a hand 
level or an Abney level (4) 20 and 30 m tapes (5) two lev elhng 
stav cs (c) a plane table (7) subtense bar, etc 
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The survey work is done bj three parties under the control 
of the locating engmcer viz (1) the transit partv t2)thele\el 
part) and (3) the topographj parti On small projects the 
entire work is done by one party onii 

Transit Party —The transit partj works under the direct 
control and instructions of the locating engineer who directs 
all movements and chooses the roite for the suney The 
party consists of (i) a transitman who is the chief of the party 
(ii) two chainmen (iii) a flagman (ii) suffcient aaemen to 
clear the line and set stakes and (\) sometimes p note keeper 
The sun ey work consists m open trav ersing w ith a transit 
along the selected route Thelraierse Imes are therefore run 
only approximately in the position of the finally located line 
all main stations being carefully marked with stakes In the 
ease of highways the tra\ erse is usually run by the method of 
deflection angles and in the case of railways bv the method 
of back angles The azimuths of the first and last Imes of the 
traverse are determined by astronomical observations and as 
a check upon the work in long trav erses azimuths are taken at 
about lo km apart or wherever a system of control poinfg 
■exists the traverse is tied mlo them Also observations are 
taken upon a promment lateral object such as a church spire 
prominent tree gable end of a bouse etc from each of several 
traverse stations in order to check the accuracy of the work 
Distances are measured with a 30 m steel tape and stakes 
are driven at 30 m mtervals and at the ends of traverselines 
(by the method of lining m) All slakes are numbered and the 
cha rage is carried forward continuouslv from the beginning of 
the survev which is designated as zero station and is expressed 
terms of stations The 30 m stations are called full stations 
and any intermediate stations are called plus stations Stakes 
are also driven at mtersections with streams roads railways 
*tc Hid tl eir chainages reewded No curves are mtroduced 
at this stage of the survey Each day s work is plotted at the 
close of the dav to detect gross mistakes and omissions 

Level Party — The levelling partv comprismg a levelman 
anl one or two stafTraen follows immediately behind the transit 
party and runs a longitudinal section of the traverse lines The 
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elevations ot the ground at all stakes, points of change m slope, 
and at the intersections with roads, streams, railways, etc. are 
detennmed in the usual way. When a stream is mtersected 
by the traverse line, the line of levds is run along the bed of the 
stream and the elei ation of the water surface is determined ; 
also, the high flood levels of streams are ascertained The 
levelling party establishes bench marks on objects, such as tree 
roots, rocks, etc along the hne at about a 400 m mtervals 
and describes their location in order to make them useful for 
subsequent work. Readings are taken to the nearest 0*01 m at 
full stations {e\ccpt transit points) and at points of change in 
slope, and to the nearest 0 005 m at change points, transit 
stations, and bench marks The levellmg work is checked by 
takmg observations on existing permanent bench marks and 
GTS bench marks The profile of the ground along the 
traverse line is then plotted to a horizontal scale of 1 in 2000 m. 
m railwaj survevs, and 1 m 1000 in highway survejs, 
the corresponding v erlieal scales being 1 in 200 and 
1 in 100 Each days’ work is plotted at the close of the 
day from the level notes recorded m the usual way 

Topography Party — The topography partj consistmg of 
a topographer, two stalTmcn. and two chauimen follows the level 
patty The duties of the pattv ate {\) to locate the natural and 
artificial features, such as nvers, streams, buildings, property 
lines, roads, nilnavs, etc, (2) to locate contours (I) to collect 
information m regard to the character of land, cultivation, e'^ca- 
V ation, rock outcrops, etc The artificial features are located by 
anv of the sev eral methods of locating objects from the traverse 
lines, and, if necessary, triangles and other figures are built upon 
the tr.iverse lines to pick up the surface features The elevation 
of 80 m stations and transit stations are obtauied from the 
lev el party At every 30 m station lines are set out at right 
angles to the traverse lines and on either side of it bv an optical 
square These transverse lines extend far enough to cover the 
width of the belt of territory wherein the final location may he. 
They are also cun. wbArever v^ S'ui'jb. inA hreskenv 

and can be dispensed with in very flat country where any dis- 
placement of the Ime will not affect the profile to any large 
extent The cross sectional lines arc usually 30 m , apart, but 
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in hilly and mountainous country they are as close together as 
5 m and in level countrj as far apart as 90 to 150 m The 
contour points are directly located on the ground by means of 
a hand level, or the ele\ ations of pomts of appreciable change 
in slope and their distances are determined and the contours 
are then interpolated 

After the survey is over, a topographic map is prepared to a 
scale of 1 in 1000 to 1 m 4000 The contour interv al is usually 
1 m but it ma} be 0 5 m for flat ground and 3 ra for steep 
ground 

Transit-Stadia Method — ^This is the more modern method 
of making a preliminary sur\ ej It is rapid and economical, but 
less precise than the method just described It requires fewer 
men, but more experienced personnel especially m thetransitman 
and recorder It is particular!) suitable in an open country v. here 
clear sights can be obtained and the topographv is ver) irregular, 
and 13 impracticable m wooded country The usual procedure 
lu this method consists m (1) running a traa erse b) the fast 
needle method, (2) obsening vertical angles and takmg cross- 
hair readmgs, and (3) taking side shots to locate the details 
Thus the alignment, elevation and topographic details are 
carried out m one operation b) a smgle party Hubs are set 
only at transit stations 

Paper Location ( ojjicf locahon ) — After a careful and 
detailed study of the prelimmarv map and profile, and also of 
the configuration of the ground, the final location of the projected 
line IS drawn on the map in the office by a tiial and error method 
To do this, a tentative alignment of the route which appears 
to be the oest is drawn on the map in pencil cur\ es are drawn 
tangential to straight lengths bj means of curve templates of 
known degrees of curvature, and a profile is prepared along 
this new line from contour levels on the map, and the grade 
line marked thereon in pencil This new line projected on the 
prehmmar) plan is called tlie ‘ paper location" The line ma) be 
an)’vvhere m the belt surv e\ ed and m the most favourable position 
In choosing its position and the grade line, due consideration must 
be giv en to all features aO'ectmg location, such as (1) minimum 
gradients and curvature, (2) equalization of earthwork, (3) 
heavy earthwork, (4) expensive bridges and other structures, etc 
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The line and profile are further studied m order to find vrhether 
unptoaenients can be effected b\ shifting the alignment and 
making changes ^>hereaer necesssin The profile is then modified 
and the grade line adjusted accordmgK This process is repeated 
unth the most satYsfacltna location is cfctained In establishing 
the trial alignment on the prcbminar} map it is advisable to 
use a fine silk thread and needles m order to avoid excessne 
erasing of the pencil lines, on!} the final alignment and grade 
line being penciled on the map and profile 

In highivaa nork the ruling gradient usualli adopted is 1 m 
20 or 25, while in laihvaa work the ruling gradient on the straight 
portion depends upon (i) the greatest tram load to be hauled cm- 
the section (u) the least speed of ascent, and (lu) the design, 
power and n eight of the standard locomotives in use on thr 
Rection For fint cHss railwats it saries from 1 m 125 to 1 
in 200 in plain oountrv andfrom lin40tol in 80 id hilli regions 
Tlie gradient i» compensated on cun cs, the amount of compen^a* 
tion depending upon (he gauge and the degree of the curve, 
for instance the amount of compensation is 0 04% 0 03%, 
and 0 02*’<, per degree of cunature for the broad (o 6*), metre 
(8 8|') and narrow (2 6') gauges rcspectiveh m India The 
maximum permissible degrees of cunature are 10®, 16®, and 40® 
for the broad, metre, and narrow gauges respective!) The 
miDirauni radius forliighwa^ cur%esis30m (ZOO ft ) in undulatmg 
countiy, and 15 m (30 ft) m biU) countrv, sometimes hairpin 
bends having a radius of 11 m (37 ft ) have to be adopted 
in difficult countrj 

(3) Location Survej {Fteld location) — The object of the 
location surrc) is to set out on the ground the alignment which 
has been finally decided upon, on the preliminarj plan, to 
make minor improiements to the Ime as ma) appear desirable 
on the ground, and to fix up the final grades IITiat is usuall) 
set out is the centre Ime of the projected Ime 

Tlie positions of the various points to be transferred on the 
ground ate scaled from the piehmmar) map, using perpendicular 
offsets, intersections of tlie line with the mam Irai erse, or angles 
and dutances Thus the tangents of the field location »re set 



KOUTE SURVEYING 


541 


out from points of intersection with the prelimmarv traverse 
or by chammg scaled offsets from the \arious stations or lines of 
the prelimmary traverse '\^hene^e^ practicable, the adjoining 
tangents are run to an intersection and the intersection angles 
are carefully measured and the curve notes computed Circular 
curves only are set out at this time 

Stakes are driven at 30 m intervals and hubs are set at all 
intermediate transit stations intersection points of tangents, 
and tangent points of cur\es and referenced Transit notes and 
notes for curve details are recortled in a field book and all impro- 
tant features, such as roads, streams propertv lines etc are 
sketched with reference to the finally located line on the right 
hand side of the page of the field book 

Profile levels are then run o\cr the located line and a suitable 
grade Ime is established on the profile, making such changes 
as may be desirable The line as finally located on the ground 
known as field IccaUov, is plotted on the prclininarv map and 
the profile completed \ertical curves connecting grade lines 
We shown on the profile 

Cross sections of the located line may be plotted frona the 
date of the preliminary contour map in order to compute the 
approximate quantities of earthwork But usuallv the final 
cross-sections are taken while the slope stakes are being set 

All important features in the close proximitv of the located 
Ime as well as all points at which hubs are set and all bench 
marks are shown on the preliramarj map The boundaries of 
private properties with names of owners are sura eyed \erv 
accurately and monumented for purposes of acquisition of land 
and Securing rights of way Also data are collected for designing 
®^d estunatmg culverts, bridges and other structures, if not 
already collected on previous surveys 

(4) Construction Survey — The object of the construction 
Survey is to set out the details of the project To begin with, 
the construction engineer goes over the located line finds the 
final location stakes, and checks them If some of the stakes be 
niissing, he resets them from the field notes and the plan He 
nfiecks all levels over the line and establishes additional bench 



-542 


SURTEYrSO AND LEVELUVO 


marks if required He then sets side slope stakes for earthwork 
as well as grade stakes, and stakes for culverts, bridges, etc 
The transition and \ertical curves are then set out Boitow- 
pits are also staked out 

Final cross sections are taken to detennine the quantities 
of earthwork Soundings and trial borings are taken for impor* 
taut structures Important m ets are sun ej ed earefullv and 
the waterway required for bridges determmed The engineers 
maintains records of the progress of work and prepares drawings 
for ^aTlous structures required for the projects Measurements of 
work done, and of materials and labour supplied by contractors 
■are taken at regular intervals to ensure expeditious payment and 
good progress during construction 

+ + + 



CHAPTER XII 


CITY SURVEYING 


By the term city surv^mg is meant an extensive coordi- 
nated survey of the area within thelimits of a municipality made- 
for the purposes of (1) makmg maps, (2) laj mg out plots and. 
new streets, (8) constructmg streets, pipe Imes, sewers, buildmgs, 
(4) cstablishmg and monumenting reference pomts and bench 
narks, (5) locatmg property lines, and (6) determinmg the 
topography of the land, etc 

Such a survey is valuable and indispensable particularly 
when large-scale improvements, such as extensions to the existing 
street system, water supply and seiver systems laiout and con- 
struction of new roads, development of the area in or near a eitv, 
etc are under consideration Tlie principles of cjtv sun e\ mg 
do not materially differ from those of land sun e\ mg Howei er, 
a relatively high degree of accuracy (or precision) is required m 
a city survey because of high value of land m an urban area The 
maps that are made m a citv sun e\ are (1) a topographic map 
generally drawn to a scale of I m 2000 (2) a property map 

usually drawn to a scale of 1 in 500 (3) a wall m'-p to a scale 
of I m 20,000 and (4) an underground imp usuallv drawn to 
a scale of 1 m 500 

Hori 2 ontal Control — ^The first step in a city surv ey is to 
establish control both horizontal and vertical The primary 
horizontal control (i e primary control stations) is established 
by tnangulation, precise traversing, or both The secondary 
control ( j e secondary control stations ) is established by 
nmnmg transit and tape traverses of the desired precision 
connectmg the tnangulation stations In small towns there 
is only one horizontal control, and it is established by precise 
traversmg Thus the mam skeleton consisting of a closed 
trav erse or a senes of closed traverses is established From the- 
sides of these traverses the details, such as the outlines of streets,. 
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giilhes buildings etc are located In the triangulation for a 
cjt% sun e> the sides are necessarily shorter in lengths, and objects, 
such os chiiTcli spires, flag poles, tops of hills, chimneys, high 
buildings, water tanks etc are generally used as triangulauon 
stations m order to form well shaped triangles and to a\ oid build- 
ing high tow ers as far as possible to reduce the cost of the sun ey, 
Sime the angles at such staticms cannot be determined by direct 
measurement, they are obtained by reduction to centre The 
triangulation s\ stem consists of either quadrilaterals or polygons 
witli a central station The angles are measured with either a 
direction instrument or a repeating instnunent reading to 10* 
More usually they are measured by the method of repetition, 
5 or (j sets consisting of sit repetitions with the telescope direct 
and equal number of repetitions with the telescope reversed 
being taken to ensure the required precision Because of shorter 
lengths of the sides of the triangles the signals should be exactly 
centred Q\et the station marks Astronomical obsenationa 
for azimuth should be made at two or more stations In the 
sun e\ of a city it is customary to refer all points to the plane 
co-ordinate system Some triangulation station within the area 
u chosen as the ongui and the true meridian through this point 
and the line at right angles to it ate taken as the axes of co- 
■ordinates All reference points arc plotted by means of plane 
rectangular co-ordinates with reference to these axes Tlie 
azimuths of the initial Une and some inteirnediate lines should be 
determined by an astronomical observation The advantage of 
the co-ordinate sv stem is that ii» case a point of known co ordinates 
IS lost it mav be readily and precisely replaced by means of the 
CO ordinates of other points Tlie entire triangulation system is 
adjusted bv the method of least squares The precision required 
m triangulation is that the average error of closure of a triangle 
should not exceed 1 3’ and the maximum one should not exceed 
5* In a primary traverse the av etage angular error of closure 
should not exceed 4 y'N seconds and the maximum error should 
not exceed 6 y'X seconds where \ is the number of the sides of 
the traverse In a secondarv travcrscv the corresponding 
figures are lOy'v^ seconds and 15 seconds The maximum 
■error of closure in a pnmarv traverse should not exceed Im 
-0 000 (for large-sized cilj work), in a secondary traverse it 
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should not exceed 1 m 10,000 (for medium sized city work ), 
while m tertiary traverse it should not exceed 1 m 5000 ( for 
•mall town w ork ) 

Vertical Control — The next step is to establish vertical 
control The purpose of vertical ccoitrol is to establish bench 
marks at convenient intervals all o\er the area The first order 
bench marks are estabbshed by precise le^ ellmg at about half 
a km or so apart on permanent objects, such as walls of buddings, 
abutments, piers, parapet walls of bridges etc y running levels m 
closed circuits, the permissible error of closure b mg 4 *y/K mm 
where K IS the length of the closed circuit in kilometres The entire 
level net ( consistmg of several closed ci cuits ) is adjusted by 
the method of least squares to determine the most probable 
values of the elevations of the bench marks Vdditional bench 
marks are established at trav erse stations and also on permanent 
objects, such as curb stones, gate pillars fire hydrants, plinths 
and walls of buddings, etc by running a line of second order 
levels, begmnmg from any rsfit order bench mark and closing on 
some other first order bench mark or begmnmg from and ending 
on such a bench mark, the maximum closmg error being 
8 VK mm where K is the length of the Ime m kilometres 

Equipment — ^The instruments used m a city survey are 
(1) a direction mstrument reading to seconds or a transit reading 
to 10’ for the measurement of angles (2) a precise level for 
establishing first order bench marks, (3) a dumpy level for ordi- 
nary levelling work, (4) one standardized invar tape for measur- 
ing a base line and check bases, and the sides of a primary 
traverse, (5) a standardized 30 m steel tape graduated to 
mm prov ided with a thermometer scale, or compensatory 
handles , instead, a light 30 m steel tape prov ided with tension 
handles, for making the linear measurements, (G) steel tripods 
for supportmg the tape, (7) three thermometers for the 
measurement of the actual temperature of the tape (8) a plane 
table, compass and 15 m steel tape for filhng in the details 

In some cities a Standard of Length (usually 30 m) is e'ta- 
bhshed m some convenient place The field tape (i e the tape 
used in the field for taking the linear measurements) should 
s L u -18 
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be frequently compared with the City Standard of Un^h or 
with the standardized tape, if it is not available One or more 
tapes should be standardized and kept m the office for the sole 
purpose of checkmg the field tape. 

Monuments — It is the general practice to define street 
lines by establishing by traversmg a system of reference pomts 
at street intersections, street comers, angle points, and curve 
points, and then to monument them By the term monument 
IS meant an object placed to mark the established reference 
point The monuments should be of a permanent character 
They may be ( i ) iron pipes mth a bronze spherical cap embedd- 
ed m a concrete post about 30 cm or more m diameter, the 
exact point being marked with a drill hole or a cross etched m 
the top of the plug, and (2) stone or concrete posts 15 cm square 
and about 1 m long, the exact point being marked with a drill- 
hole, metal plug, or cross m the top Very often the bole is filled 
with lead, and a copper nail mserted m it defines the exact point. 
Sometimes a copper bolt is set m lead and tlie exact pomt is 
marked by means of a cross scratched on it The monuments 
should not be placed at the intersections of the centre lines of 
the streets as thej are likelj to be disturbed b\ street traffic 
or street repairs Thej ate usually set in the sidewalk neatly 
flush with the surface of the sidewalk at a standard offset distance 
from the street lines The monuments should be carefully 
referenced to permanent and well defined nearby objects, such as 
building comers manhole covers, firehydrants, etc the measure- 
ments being accurately recorded b\ means of sketches The 
plane rectangular co-odmates of the monuments and their 
elevations should be detennined 

Topographic Map — ^The topographic map of a city covers 
the area of the city as well as the areas in the immediate vicinity 
of it The map is usuallv drawn to a scale of 1 in 2000 
and is dll ided mto sheets The topography is shown by means of 
contours m brown The natural and artificnl features are shown 
ui th/i TTvers, taniu'is, -pun^s, 

are shown in blue Streets, lanes, railways, culverts, bridges, 
monuments, bench marks, boundaries of public properties, pro- 
perty lines, etc are shown ui black 1\ coded areas, public pro- 
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perties, gardens, parks, etc are shown m green The names of 
streets, buildmgs as well as plot numbers are also shown m black. 

The plane table is the roost satisfactory instrument from the 
point of accuraej and cost, provided it is manipulated by well 
trained and experienced topographers, and is invariably used in 
making a topographic survey Prior to field work, the primary 
and secondary control points, i e the triangulation and traverse 
stations are accurately plotted on the plane table sheets by means 
of rectangular co ordinates Whenever necessary, additional 
control points are estabhshed by running plane table traverses, 
which are tied in to the control stations These tertiary trav erses 
are adjusted graphically and the details are then located m the 
usual manner by the methods of radiation and mtersection 

Property Map — The property map is usaually drawn to a 
scale of 1 m 500 and is divided into sheets It shows 
( 1 ) the lengths and bearmgs of all street Imes, lane lines, (u) 
the boundaries of public propertj, public buildings, private 
buddings, ( m ) rail roads, bridges, parks, streams, rivers, etc , 
(iv) streets, their widths and intersections {v)the coordinates 
of the control stations and the monuments, (vi) the coordinates 
of all angle, curve, and intersection points of the street lines, 

( vu) the names of streets, public buddings, parks, rivers, lakes 
etc, and (^'lu) all benchmarks 

Wall Map — The wall map covers the entire area and is 
drawn to a scale of 1 m 20 000 It shows the same infor- 
mation as the topographic map and is reproduced from the 
topographic map b\ photographic methods of reduction 

Underground Map — ^The underground map is drawm to a 
scale of 1 m 500 and the size of the sheets is the same as that 
for the property map It shows (a) streets lanes, with 
their widths easement Imes, (b) monuments, bench marks, 
surface structures such as rail roads, pav ements, footpaths, 
curbs, transmission line poles, trees, etc , (c) underground struc- 
tures, such as subwaj s, tunnels, etc , (d) sewers, water pipes, gas 
mams, electric conduits, and other utilit cs, different colours and 
symbols being used to represent them, (e) sizes and percentages 
of grades of sewers, pipes etc and the elevations of the critical 
pomts, and (f) natural features mterfering with underground 
construction 
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Citj Property Survey — ^Theobjcctsofthepropert) survey 
ate (1) to collect all available recorded infonnation regarding the 
property , (2) to locate the street Im^ vrhich forta the boundaries 
of the public propertj , (3) to locate all intersections angle 
points and cut\e points of the streets and to monument them, 
and (4) to detennme the co-ordmates of the monuments For 
accurate Tvort, the theodolite is a necessity and it is used for 
measuring the angles between the sunev lines of the traverse. 
The survej work is done m two steps (1) Survej mg the streets 
and the mam frontages of buildings only (and not railings, 
compound wall® payeraents etc) and (2) Locating the details 
such as outlines of buildings gullies payements gardens man- 
holes, fences etc 



Fig 215 

Procedure — ^To begin with the tray erse lines are run as long 
as possible and as nearly as possible m the centre of streets bj 
fixing stations at the junctions all principal streets as shown in 
Fig 215 The mter:ections of the side streets with the main 
streets are lined in with a theodolite and from these intermediate 
points subsidiary lines are run to locate the side streets If the 
side street connecting two mam streets is straight, it maj be 
fixed hv simply running a Imc along it and measurmg it 
accurately But if the side street is not straight, and if it 
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consists of tno lines, it maj be fi\ed bv measuring an angle and 
distance from one mam Ime and a distance from the other mam 
line If the side street consists of three lines the angles and 
distances from both mam Imes are necessarj to locate it Thus 
in Fig 215, ABCD is the mam traaerse and a, b c, d, e, etc 
are mtermediate stations lined m m order to the side streets. 

Sometimes it is found ad"antageou» to mark the traverse 
Imes on the side walks jia-allel to the street Imes 

"Marking Stations — \11 stations arc carefu 1% marked 
by drumg m iron nails or spikes with their tops shghtlj below 
the surface of the road, the exact position being marked m the 
top of the nail or spike with a centre punch If the stations are 
on the pavements tliej are marked b\ means of a cross scrat- 
ched m its surface Each of the stations should be carefully 
referenced by three raeasurcTnents taken to the nearb\ corners 
of the buildmgs or other well defined and o rnanent objects 
the measurements being taken to tlie neores mm with a 
steel tape These mcasu-ements sliould be ear^f llv recorded 
by means of sketches in the field book the object bemg to resto-e 
the station in case the spike is knocked out 

The angles between the traverse Imes arc tiien accurately 
measured at the mam stations aod at stations wneic there is 
a change in the direction of the main roid hs repetition, 
the lengths of tlie lines are carefuIK measured t > the nearest 
tenth of a foot with a steel t-pe Th* mam frontages of the 
buildmgs onl\ are located bv tlie method of angle and distance 
Comers of the streets bends angles of buildm'^ are located by 
means of tnangnlatcd offsets or by perpendicular oTsets and 
checked bv check ties the offsets bemg measured to the nearest 
3 mm to 5 mm The field notes are recorded in the field book in 
the usual wa> The best time for mam. survev work is m the 
earlj mommg before the streets are crowded or durmg the 
night when the traffic is suspended The measurement of the 
qmeter side streets and location of the details ma\ be done 
durmg the remainmg dav 

Location o! Details — ^The location of the details is a very 
tedious and laborious work It is best necomphshed by means 
of a plane table the mam skeleton bemg plotted on the plane 
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table sheets Tacheometnc plane tabling is -well adapted to 
sun eying the details, such as the outlines of buddings gardens, 
courtyards, fences, pa^ ements, passages in front and in the rear, 
gullies, manholes, lamp posts, etc \nother method of locatmg 
the details is by tape measurements with reference to the main 
frontage lines 

There are two systems of keeping the detail notes In the 
first sjstem the blocks of the mam survey are plotted to a scale 
of 1 in 300 to 1 in 500 on separate sheets about 50 cm square 
The sheets are then mounted on a light board and the details are 
filled in thereon by plottmg each measurement as taken. In the 
other system the details are sketched m by hand on the sheets 
and the measurements recorded on the sketch Plotting of the 
details IS then done m the office m the usuvl way. 
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Setting out a Building — The object of setting out a buildmg 
IS to clearly define the outline of excavation on the ground for 
the guidance of the contractor It would be of little use, jf 



Fig 216 a 

stakes are set at the exact position of each of the comers of the 
building, since they i\ould be dug out as the ^ork of cxcavatuig 
the foundations proceeds The best method is therefore, to set 
out a reference rectangle outside the limits of exca%ation say, 
about 5 m from the building line as shown m Fig 216 a so that 
the reference pegs A, B C and D will not be disturbed during 
excavation and then to locate each corner b\ means of 
CO ordinates with reference to the sides of this rectangle 

The contractor is usually supplied with a blue print of the 
plan of the foundations of the building ( a plan gn mg the 
necessarj dunensions for foundations ) The co-ordinates of 
all the comers should be shown m a tabular form on this plan 
The equipment required for the work consists of (i) a SO m 
steel tape, (ii) two 15 m metilhc tapes, (lu) a hammer, (i\ ) a 
plumb bob (^) stakes, (vi) iron and wire nails and (\u)acord. 

Procedure — Tu o stakes A andB are accurateh driven at the 
required distance apart (14 5 m) A cord is then stretched, the 
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ends being secured to the wire nails dni en in the centre of the 
stakes At A is set out a line peipendicular to x\B, the right 
angle being set out -with the tape by the 3-4-5 method On this 
line a stake is dm en at D at a distance equal to the length cf AD 
(7* 6 m), and the work diecked by measuring the diagonal BDand 
comparing it with its calculated length The error, if any, should 
be corrected Similar procedure is followed at B to set the stake 
at C Asa check, the diagonal AC is measured The distance CD 
should now be exactly equal to the distance AB A cord is then 
passed round the periphery of the rectangle ABCD. Havmg 
Set out the reference rectangle, each corner is fixed by measuring 
its CO ordinates from the sides of the reference rectangle, e g- 
corner 1 is fixed by measanng its co ordinates Jj and from 
AB and AD, and a stake is then dmen in to mark its exact 
position Wien all the corners ha' e been staked, a cord should 
be passed round the periphery of the figures 1284 , 5678 , etc 
and the outline of tlie foundations marked with lime spread 
along these lines outside the tord 

Alternalne method — In this method instead of the circum- 
senbing rectangle, the rectangle formed by the centre lines of 
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the outside walls of the building as shown in Fig 210 b is set out 
accurately with the tape as a reference rectangle and the comers 
located bs measuring then- co ordinates "nth reference to the sides 
of this rectangle Smee the stokes jmt in at A, B, C, and D wiU 
be lost as the cxca'ation proceeds reference stakes should be 
established on the prolongation of the sides cf this rectangle 
well back from tbe work and in positions where they will remain 
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uadisturbed (say, about l*5m from the buildxng line ) They 
should be protected by standing a drain pipe over each of them. 

If the ground is uneven, the required points may be trans- 
ferred to the ground by the use of a plumb bob 

In the case of extensive or important buddings, a theodolite 
IS invariably used m setting out r^ht angles. 

In ^English practice the batter-board method is u'ed. 



T>s 216 c 

Temporary stakes are accurately set at all corners of the building, 
the entire work being checked bv measurmg the diagonals Batter- 
hoards are then set at each end of each outside building line 
about 1 m outside the excavation as shown m Fig 216 c 

The batter boards are 2 5 cm X 10 cm strips naUed to 
5 cm XIO cm posts which are well driven mto the ground Tlietop 
edges of all the batter boards are usually set at the same lev el. 
Sometimes, howev er, on account of the slope of the ground, it is 
convenient to set them at some whole number of metres abov e the 
bottom of the excavation Nails are dnv en ui the tops of these 
boards on the prolongation of the buildmg Imes which are given 
by a theodolite. The budding lines are deBned b> stretching a 
cord or wire between the nails m opposite batter boards. 
Reference stakes should be set on the mam lines of the buil- 
ding m positions where they wdl not be disturbed as mdicated, 
so that any batter-board, which may accidentally be disturbed, 
may be easily replaced. Bench marks should be established 
m convement positions around the site of the 
Work. Tliey should be set well away from the site, 
so that they may remain undisturbed untd the work is 
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completed. A stout stake mth a round-headed naQ driren 
into its top and embedded m the centre of a 60 cm square block 
of concrete is a convement form of the bench mark. The head 
of the nail defines the elevation. It should be protected by 
means of a piece of dram pipe embedded m the concrete. 

Setting out aCulvert * — The best practical method of setting 





Fig 217 

out the cuh ert foundations is to locate the comers of the abut- 
ments and iTiag wills by means of their co-ordinates with 
reference to the centre Imcs of a road or railway, and the nalla 
crossed, wliicli are taken as the axes of co-ordinates, the ori^n 
being at the centre of the culvert. The engineer is provided 
with a tricing of the plan of the foundations and on this plan the 
co-ordinates of each of the comers of the abutments and wing 
walli should be indicated m a tabular form 

Thus m Fig 217, AB and CD are respectively the centre 
lines of the road and the nalla, passing through the centre 0 
of the culvert. The eo-ordmates of a are la and Jja; of b, Ifc 
and bjj ; of d, id and djd, and so on 
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Procedure • — (i) Dn\e a peg at O and set up a theodolite 
over it Line-m carefully as many points as may be necessary on 
the line AOB {a few pomts will do m the case of fairly level 
ground, but a faulj large number of pomts ■\vill be required on 
rough ground ), and fix chammg arrows or perforated pegs at 
these pomts The cord passing through the eyes of the arrows 
or through the holes in the pegs defines the Ime AB 

(u) Set out the line CD at right angles to AB and carefully 
fix as many points as may be necessary and fix arrows at 
these pomts 

(m) Next stretch cords along the lines AB and CD Set off 
the distances Ol, 02 0% etc on AB and Oa^ 05i, Ocj, etc. 
on CD, and fix arrows at these points 

(iv) Now take two tapes ind put the rings together Direct 
the chamman to pull them tight while the tapes are held by the 
engineer and bis assistant at the arrow 1 on OB and at the 
arrow on OB with the respective readings 15 and 5i5, thus 
fixing the position of b which is then marked with a peg 

(v) Similarly, fix other pomts by then co ordinates and 
drive pegs at each point 

(vi) Fix the comers of the other abutment and wing walls 
in a similar manner 

(vu) Pass a cord around Uic periphery of each abutment 
and two wing walls as abcdefgh and mark the outline of the 
foundations by nickmg, i e cuttmg a narrow trench along 
this Ime 

(viii) Take levels at all pegs for the purpose of dctennmmg 
depths of excavation and estimatmg the correct quantity of 
exca^ ation 

If the wing wall is cuned, the pomts on the cur\e maj be 
set out bj offsets to the chord PQ as mdicated botli offsets and 
distances along PQ being scaled from the plan A. similar 
procedure IS followed m settmg out bridge foundations IVlicn the 
bridge is si ew the procedure is exactn similar except that the 
lines AOB and COD are set out at tne angle between the centre 
imes of the road or railwaa and the nalia 
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Settle^ ou* Abutments — laid the lines AOB and 
COD the corners of the abutments are accuratcK set out with a 
steel tape, the procedure being the same as explained abo%e. 

Bridge Suriev — \ topographic sur\e% of the bridge site 
and app-oaches to the hndge required for long and 
important bridges the transit stadia method being emploj ed 
for making the sune\ The results of the survei are plotted 
to a scale of 1 m 1000 and the contours interpolated at 
mt'=TT''ls of 1 to 2 m according to the nature of the ground. 
The follow mg details should he indicated on this topognphic map : 

(11 Tie north and south Ime (2) The name of the river 
and the direction of the flow of water, (3) The name of the 
nearest town at either end of the bridge (4) The wndtb of 
the roadwas o\er the bridge (o) The width of the existing 
road appro, chug the bridge (C) The radius of curvature of 
the approach road (7) Tlie reference, description, and eleva 
tion of the bench mark used as a datum, and the ground levds 
along either bank for a distance of about loO m both upstream 
and downstream (8) The low water level, the o’-dinarj flood 
lesel and tlm highest llootl lc\cl (0) The catcliment area, the 
maximum discharge and the mavimum \eIocitv at tie bridge 
site (10) T1 e resuilj of trial pits and borings, etc 

Locating ^i rs fo- a Bridge — The problem is a two fold 
on** (1) to determine accurateU the length of the center line of 
the bridge i e the distance between a point on one bank of a 
nver and a point on the other bank both points being on the 
centre lire of a road o’" railvas and (2) to locate the central 
point for each pier 

(1) T! c ie I'^tli of the aSis ( or the centre line) of a short 
bridge mai he inea uitd directh with the steel tape The tape 
should be st,.Tid'’rdiz"d or compared wi'h the standard one 
The proved re to be followed m meesurmg tl e length is 
similar to tl a' followed in m“asurng the length of a base 
bne of teiticP, trnngulalioiv 

In the fse of a lorg bndgc> *be length is usually deter 
mined 1 tnangulation 
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First Method — Thus m Fig 218, A and B are two points on 
opposite banks on the centre line of the road, AC is the ba'e 
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line laid out e\actl) perpendicular to the a^u. of the bridge AB- 
The base line is carefully measured and the angle ACB is accu- 
rately measured h\ the method of repetition the number of 
repetitions being sis 8 rvith the telescope direct and 3 with the 
telescope reversed Then AB = AC tan 0 

In this method there is no check on the work Another 
base line AL is therefore hid out as before on the same bank, 
but up«tre'im The length of AB is then computed from the 
measured length of AE and the measured angle AEB The 
mean of the tno values if m close agreement is tal en as the 
true V alue of AB 


Second Method — In this method a base line is laid out 
/ a ^ , on each bank exactl) at right 

\ j 00“ angles to the centre line (axis) of 

\ \ the bridge extending each side 

of the centre line (Fig 219) The 
^ - , length of the centre Ime (^B) is 

'' ' found bj tnanguhtion as expiamed 

in the preceding method and the 
positions of the centre points 
(1 and 2) of the piers on the 
210 centre line are then determined. 

The procedure for locating them is as follows 
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axis (AB) of the bridge, and fixed the positions of the central 
points Pj and Pj of the piers (F ig 220), on the plan, the angles ADPj 
ADPy BCPj, and BCPj are calculated from the knorm lengths 
AD, APj, PiPj, and BP*, and BC, and from the known angles 
BAD, and ABC To locate the point Pj, transits are set up 
over A and D , the mstnmxent at A is then directed to B, and 
the angle ADP^ is turned off at D By simultaneous sighting, Pj 
is established The intersection of the line of sight DPj with 
the line of sight AB along the centre line of the bridge locates 
the point Pi To check the location of Pj the transit is set up 
at C and the angle BCPj is set off The line of sight CPi 
should now pass through Pi almost exactly A similar procedure 
is adopted for locating the pomt Pj If the corners of the pier 
are to oe est iblished the corresponding angles at A and D are 
computed and hid off at A and D and the points established lO 
a similar manner 

^For convenience targets should be set at Pi' and Pj' on 
the farther bank bj turning off the angles ADPi and ADP, 
about 10 to 20 times Similarly, targets should be established at 
P*i and P'j on the near bank by turning off the angles PiCB 
and PjCB so that the intersecting lines may be established 
whcneier required without turning off the angles 

Setting out Tunnels — Tunnels are constructed in order 
(1) to meet the requirements of rapid transportation in big cities 
(ii) to connect b\ the shortest route two terminals separated by a 
mountain or ndge on a projectmg spur, (in) to reduce grades as m 
the case of ‘ de\ clopment ” of a Ime (iv) to a\ oid the excessive 
cost of mamtenance of an open cut subjected to land slides, 
snow drifts and avalanches, (v) to avoid the expensive acquisition 
of valuable built up land, tearing up pa\ ements and holding up 
traffic for long periods in large cities and (vi) when the depth of 
ordinary cutting exceeds 20 m and the ground rises rapidly 
for a considerable distance afterwards The chief consideratioas 
in the location of a tunnel are (i) that it should follow the 
best line adapted to the proposed IralDc (u) that it should be 
most economical in construction and operation and also (ui) 
convenience of ingress and egress A very careful study of the 
actual topography of the tunnel site is necessary m order to 
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select the best alignment for a proposed tunnel Tunnels being: 
very expensive, they must as far as practicable be avoided. 
Utmost care and experience are necessary in decidmg upon 
the final alignment 

The setting out of a tunnel comprises four operations — 

(1) Surface survey or settmg out, 

(2) The connection of surface and undergroand surveys, 

(3) Setting out underground, 

{4) Levels m tunnels 

(1) Surface Survey — (a) A preliminarv survey should be 
earned out by means of a transit and stadia for at least three to 
four km on either side of tlie suggested alignment and plotted 
to a small scale, say, 1 in 20,000 with contours drawn at 5 m 
intervals (b) From this plan, the final alignment may be 
selected and a detailed sun c> should follow the selected align- 
nent as closely as possible over the hiU 

The surface surv ey also includes a v ery detailed studv of the 
geological structure of the land as the cost of tunnelling depends 
upon the nature of the materials to be encountered 

The proposed route hav mg been decided upon, the following 
points require consideration — 

(a) Alignment of the centre line of the tunnel 

(b) Gradient to be adopted 

(c) Deterramation of the exact length of the tunnel 

(d) Establishment of permanent stations marking the Ime. 

Instruments for Setting out Tunnels — (1) Theodolite — 
Some of the longest tunnels hav e been set out with a theodohte 
reading to 20 seconds However, a micrometer theodohte 
reading to 5 or 10 seconds is preferable 'When the sights 
ate long (about 5 to C km), a special transit known as a 
tunnel transit is most suitable Its essential features are : 
(') The telescope Can be rotated in the vertical plane only It 
cannot be used for measuring horizontal angles (ii) The te’escope 
ts fairlj long, the size of the object glass vanes from 4 cm to 
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ej epiece is 30 or 40 (ui) Oae of the trunnions is perforated for 
iUuiainatuig the cross hairs by means of a lamp placed on the 
standard (i\ ) It has a cast non base fitted -with le% elling screws 
(v) The trunnion axis is fitted with a \ ertical circle with verniers 
reading to 20 seconds (\i) It is light and can be conveniently 
earned over mountains Such an instrument was used m setting 
out the Totlej tunnel 

(2) Tape — A 30 m steel tape is required for (i) measuring 
the centre line of the tunnel marked on the surface, (u) transfer- 
ring the levels underground, and also, (ui) measuring the sides of 
the traverse connecting the two ends of the tunnel 

(3) Trtpod — Tno tripods fitted with alummium caps are 
needed for supporting the tape 

Surface Alignment —Tunnels are always driven from each 
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end if tbej' are short , but if the) are long tunnels ace frequently 
driven from each end, and from one or more mtermediate shafts 
It js, therefore necessary to set out the centre line of a tunnel 
very accurateh on the surface from end to end If the whole 
of the centre line cannot be marked, it must at least be set 
out over the contiguous sliafts near its ends Since the sur- 
face of the ground at the tunnel site is veiy steep and rough, refined 
instruments and refined methods of observation are required in 
order to a\ o d inaccuracies Also experience, care, and patience 
are necessarj for the observer If there is only a single peak or 
ndge from which both ends of the tunnel are \ isiblc, the method 
of balancing tn (page 227, Part I ) is repeatedly applied until a 
straight line between the ends of the tunnel is obtained Per 
manent stations are then located at all salient points with great 
accuracy on this hnc to fix the direction of the centre line on 
either side of the ndge Hie Ime is then extended bej ond each 
end of the tunnel (Fig 221), as it is advisable that two stations 
should be visible from each terminal station (or end of the tunnel) 
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to guard against am disturbance of the station marks Obser- 
vatories are then erected at suitable places 

Olsenaiones — \n ob-eroatory consists of (i) two bricky 
•tone, or concrete pillars connected with a stone or concrete cap 
into wh ch a metal plate is fixed This forms the support for the 
instrument (u) an mdependent platform entirely surrounding 
the pillars and carrymg a roof at the top for the observing party 
By this arrangement the vibration caused b\ the movements- 
of the observ er or bv the action of the wind is not transmitted 
to the mstrument Ihe centre line is then marked v ery accurately 
on the metal plate 

Having marked the centre line on the surface the exact 
horuontal distance between the two termir als (or ends) of the 
humel must be ascertained This may be don bv measuring 
on the surface with a steel tape the tension being applied with 
a spring balance H’hen the slopes are steep and the ground 
IS rough very accurate results are obtained by the use of tnpod 
fitted with aluminum caps the transit bemg used to Ime m the 
tnpod heads The grades of the surface or tnpod heads are 
determmed either by levelling or with a theodolite The correc 
tions for absolute length temperature tension grade and 
*3g are applied in the usual way m order to obtain the true 
honzontal length of the centre Ime 

In many cases it is not possible to run the centre line over 
the surface because of the obstacles In such cases the length 
end duection of the centre line (or axis) of the tunnel must be 
obtained by traversing or triangulation For example m tunnell- 
ing Under towus the centre line cannot be set out on the surface 
•n which case the length and direction of the centre line (or the 
nxis) of the tunnel are ascertamed by runnmg a closed trav erse 
between the terminals the trav erse stations being marked on the 
wetal plates let mto the curbstones The co-ordinates of the 
stations are then calculated The chainage of the tenmnal and 
intermediate stations and also the direction of the centre line 
can then be computed Similarh m tunn»*llmg under a nv er or 
n high cliff the surface alignment is impossible m which case 
th“ length and direction of the centre line are determmed by 
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tnangulation Also, ilie surface aligiunent is established by a 
system of t’-iangulation tied to the ends of the tunnel and to 
the shafts hen the tunnel is r erj long as m raountamous country, 
in iihich case i*’ is not possible to measure the lengths of the 
sides of the traverse uitb the desired accuracy The setting out of 
the Alpme tunnels was effected by triangulfltion 

Forriation Lael of a Tunnel — Tunnels are usually on a 
grade The hWiesl point should be as near to the centre as possible 
Even nhen the tunnel is level it is ahvavs necessary to gne a 
slight uniform gradient to the formation for drainage purposes 
If the tunnel is short it is given m one direction only But if 
it IS long the gradient is in both directions sta"ting from the 
centre towards both ends 

Shafts —One or morev ertical shafts (openings) are frequently 
sunk on the centre Imc to facilitate construction by providing 
two additional working faces the tunnel being driven in both 
directions from the foot of shaft They are usually lined with 
brick norl and are useful for checking the accuracy of the 
alignment and levels and also for ventilation If the tunnel is 
very deep shafts will not be economical 

Curves in Tunnels — Tunnels are generally made straight 
unless cune> are absolutely necessan UTierever possible, 
curv es should be av oided m tunnel work as they add greatly to 
the cost It IS desirable though not essential to set out the 
curves on the surface If this is not practicable the positions 
of th“ tangent points are located eractiy bv making enough 
measurements on the surface The curv cs are usually set out 
underground in the usual way by the method of deflection angles 
or bv tl e mctliod of offsets from tangents 

Setting our from the Ends — Once the centre line is esta* 
blished the setting out of the centre line from each end is a very 
si pl“ opera ion To do this the theodolite is ‘•et up at the 
permanent terminal station outside the port d (or terminal) 

A b ick snS t Is then taken on two visible stations which have 
b Cl a rcadv fived oa the line The instrument is tiien directed 
up ti » turaeJ and a permanent mark made usually n the roof, 
or 10 the door by the method of double rcvefsing ( i e ta’ mg 
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double face obser\ ations and a\ eragmg the results) The process 
IS repeated as the -n ork proceeds until it is found necessary for 
visibility to set up the transit inside the tunnel The instrument 
IS then transferred to one of the marks and the line is prolonged 
m a simJar manner. The cent’'e line ma> be marked on nails 
or dogs set in wooden plugs driven into the holes diilled m the 
roof, the e\act position being marked with a centre punch or 
fils mark 

Transferring the Alignment Underground — The operation 
of transferring the alignment from the surface to the bottom of 
a shaft IS the most diffimlt one and retpmes the highest skill 
and greatest care, since the shaft is always small (1 to 5 m m 
diameter) and a short Ine is to be produced sever"! thousand 
metres. The method usually adopted u bnefl> described as 
follows • 

Two timber beams (baulks) a-e fi\ed across the top of the 
shaft near its edges at right angles to the direction of the tunnel 


C n 




and as far apart as possible A theodolite 
is set lip ov er one of the stations previously 
established on the centre line of the tunnel 
and accurately sighted on the other 
station. Tlie centre line is then very 
carefully set on tlie beams (preferably on 
the plates fiTcd to the beams and drilled 
with holes for suspending wires) by the 
method of Immg m. taking a large number 
of observations on both faces and nverag- 


Fig.222. mg the results Fiom these points two 

Jong fine piano wires witii heavy plumb bobs attached to their 
lower ends arc then suspended down the shaft, the wires being 
stretched tight by the plumb-bobs weighing 10 to 1 j kg as 
shown in Tig 222 The plumb-bobs are suspended in a pail of 
or oil to damp their oscillations as ranch as possible. 
They are also fitted with projecting vanes to prevent rotation. 

Great care must be taken that the wires and plumb bobs are 

hanguig free. As a ch«^lv, the dista.ice between the wires at 

the top and at the bottom ot the shaft should be carefullv 


mearured, which should, of course, agree. The line joining the 
two wires gi\rs the direction of the alignment underground. 
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In order to prolong the Ime at the bottom, the theodolite 
IS transferred to the bottom of the shaft and set up by 
trial exadly m line with both wires In order that 
both wires can be observed the special device used 
that the farther wire is made thicker than the nearer 
one and a white card placed between the two wires 
as m Fig 223 This operation requires greatest care 
and patience m the manipulation of the instrument 
Fjg 223 because of the peculiar underground conditions 

Having set up the theodohte exactly m the plane of wires, 
the alignment is marked on the naOs or dogs set m the wooden 
plugs driven into the boles drilled m the roof bj taking double 
face observations, the eaact point being marked with a centre 
punch or a file mark The plumb-bobs or lamps maj be suspended 
from these naQs The marks ma> be made m the bras> nails 
set in the stout stakes dnien in the floor The stakes should be 
surrounded bv brickwork plastered over with cement flush with 
the top of the stake These marks serve as instrument stations^ 
When the tunnels are steel lined or bnck lined* the alignment i9 
maiked on nafls driven into the timber wedges which are driven 
between the joints of the segments or in the brickwork 

Undergroand Sights — ^Tbc various kinds of illununeted 
signal used for sighting underground are (1) A. plumb line 
seen agamst a white background of a sheet of oDed paper illu- 
mmated from behmd bj a lamp This is most convenient when 
the sights are short 

(2) Carriage candles fixed ui a weighted frame. They are 
useful when the sights are long 

(3) An Argand o3 lamp of 40 or SO candle-power in a 
metal frame It is most suitable for verj long sights 

(4) A plutnm‘*t lamp, or a plumb-line lUuminated from 
behind or a \ ertical Oluminated sbt for sighting on floor stations. 

Alternative Method of Ccnnectiog Surface and Under- 
ground Surveys — In this method, also known as the method 
of Jteisbach Triangle, the theodedite is set up at Avert nearly 
in line with the two wires C and D so that the angle CAD is a 
faw minutes (Fig 224) The angle CAD is then measured verj* 
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accurately on both faces, and also the distances CA and DA. 



Fig 224 

As a checb, the distance CD is measured (all measurements must 
be-most accurate) The angles CAE and DAE which the lines CA 
and DA make nth any other line AE cespectisely, are also 
observed in order to cheek the angle CAD which is equal to the 
dilTerence between the two angles The deviation BA of the 
station A from the v ertical plane of CD is then calculated The 
angles DCA and C AD being scry small CD may be taken equal 
to CA-DA The angle DCA may be calculated from the 

relation sin DCA = sin CAD 

Now BA= CA sm DCA = CA xDC A (in circular measure). 
A Ime A6 paraUel to the centre line CD is 
a backsight on C, then plungmg the telescope and finally 
off the deflection angle oAb (=DCA) from CA prodncrf 
ily shiftmg the mark so fixed by an amount equal to BA the 
centre line may be marked m the roof 

Levels —Levelling along the surface alignment (or line 
IS done lu the usual wav, Before slartmg the work, the level 
should be carctuUy tested and adjusted AVhereier possible 
a lougilndmal section of the ssliole surface 
very accurately and the bench marks ate 'Sbihlished at the ends 
ef the tunnel Ld also near each shaft Care should be taken tha 
the sights ate not too long and the backsight and 
distances are nearly equalised It is adsisab e to cave wo 
tnarl s near each end of the tunnel and at each shaft m order to 
guard against any disturbance of the bench marks and 
It The leads of the bench marks must be catefulla checked 
by lea dime m the reverse duection In a ery mountamous 
country the usual methed of leaelliug cannot >>e employed 

However the difference of level between the ends of the tunnel 

may be determined by trigonometrical levelling when executmg 
the triangulation 
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Transferring Levels Underground : — ^Tlie le\ els are trans- 
ferred underground at tlie ends of the tunnel without anj difficulty 
by levelling from the nearest bench mark preinously established 
in the usual waj But at the shafts the difficulty arises- 
However, the le%els are transferred down the \eTtical shafts 
by means of aleel hands, chains, or rods 

Procedure — ^To begin -with, a mark is rriade near the top 
of one of the guides m which the cnge trascls and its elevation 
IS accurately determined by levelling from the bench mark previ- 
ously established near the top of the shaft An assistant holds 
the zero end of the sted tape to the mark, and the engineer 
descends the shaft in the cage (or skip) snd marks the position 
of the lower end of the tape on the gmde care being taken to 
stretch the tape %erticall\ The assistant then descends the 
shaft and holds his end on the mark made bj the engineer The 
engineer makes another mark on the guide at the other end of 
the tape The process is repeated untd the bottom of the shaft 
IS reached, where the le%el of some temporary mark is obtained 
Temporary platforms must be placed in the shaft at 20 m or 
80 m intervals for the use of the assistant and the engineer ; 
otherwise they ate carried on seats fixed to the ivinduig rope. 
When the wire tope guides ate used, measurements ate made on 
the side of the sh^t in whicli cose care must he taken to see that 
the tape is held quite vertical 

In the case of verj deep shafts, the vertical measurement 
IS changed to the horizontal one by the arrangement shown in 
Fig 225 A fine steel wire loaded with a 
weight of 5 to 15 kg passes er a pulley 
at the top of the sliaft from a windlass 
It IS then lowered down the shaft, care 
being taken to see that the wire is m 
contact with the honzoUtal threads AA 
and BB (Fig 225) stretched at the top 
and bottom of the shaft respectively The points of contact 
are then marked on the wire with a piece of ch'ilk, the exact 
point being m'lrked with a pencil The wire still loaded is 
wound up and stretched on the surface of the horizontal planks 
The distance be^een fbe4a'aj^,pn^he wire is then accurately 
measured j-ithm st^el tape Since '^i^vire is under a constant 
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tension throughout the whole c^eratioD, there is no need to 
apply the correction for elongation Tlie method is rapid, 
convenient, and very accurate 

Underground Bench Marks — Has mg determined the 
elevation (R L ) of the underground mark (or point) by the 
vertical measurement, the level is set up near the bottom of the 
shaft and a baich mark is established on the top of a stake dnven 
firmly mto the ground or on the side of the tunnel If the 
tunnel is m rock, the permanent bench marks are established on 
flat projectmg portions of the rock the exact positions bemg in* 
dicated by suitable marks cut mto them (a short piece of drill steel 
grouted m a hole drilled m the side of a wall) In the case of a 
brick Imed tunnel, the bench marks are established on the iron 
*pikes or wedges driven mto jomts of the brickwork in the side 
of the tunnel at a convenient height, while m the case of an iron- 
lined tunnel, they are established on the flanges of the segments of 
the Immg As the work progresses the lev els are carried forward 
by fizmg new bench marks from time to tune so that one or more 
bench marks mav be kept near the working face For checking 
the levels a line of levels is run through the tunnel from end 
to end after the headings from the two ends meet A.s the 
headings are driven forward a certain distance ahead of the 
hamg anj small error that may be detected m the levels may 
hs allowed for (i e adjusted) bv puttmg m a junction gradient " 


Accuracy of Tunnel Surveying — \ very high degree of 
precision is necessary m tunnel survey mg as there is no way 
to check up the work until the tunnel is driv en through It is 
s^id that the headings should meet on a dime ’ In actual 
the error both m alignment and level is verv much less than 
the width of a dime The permissible error m line m (railway) 
tunnels is about 2 to 3 cm If the headings do not meet, and if the 
®rrot IS appreciable, it will be necessary to introduce a v erv flat 
<^urve (sometimes a reveise curve) mto the alignment at their 
junction, and also to widen the tunnel to accommodate the curve, 
resulting in mcreased cos* and permanent annov ance The error 
m alignment of tl e principal tunnels constructed m the past 
ranged from 1 cm to 10 cm while that in level from 
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Photographic Sur\ejing, also called photognmmetrj, is s 
method of sun ejTng m which plans or maps are prepared from 
photographs taken at suitable camera stations. Photogramnietry 
may be divided into two classes (1) terrestrial or ground photo- 
grammetry and (2) aerial photogrammetry. In the former 
maps are prepared from the terrestrial (or ground) photographs 
while in the latter *hej are produced b} the use of aerial photo- 
graphs (photographs taken from ll e air) The terrestnal photo- 
graphic suneMng is regarded as a farther deielopment of plane 
table surviving Another sistem nliich is a comparatively 
recent deselopment of photographic sunejing i* knorni as stereo- 
pbotogrammetrj or stcrco-photographic survej ng This system 
consists m taking photographs m pairs at the two ends of a base- 
Ime of knon-n length and direction with the \ertical planes of 
coUunation of the cameras at right angles to the base hne. 

Photographic s^^^e^lng is suitable for small scale mapping 
of open liill> or mountainous countries It is well adapted to 
topographical or prelirainarv sur^ejs It is not suitable for 
flat or wooded country, m wludi case aerial sur^ejing can he 
used to adiantage Serial surveying is used with great success 
for reconnaissance and preliminary survej s for roads, railways, 
transmission lines etc , for sunejs of buildmgs, towns, harbours, 
etc It IS also particularly suitable for inaccessible regions, 
forbidden properties, unhealthy malarial regions, etc. 

Photo- Theodolite — The photo-thcodolite is a combination 
of a camera and theodolite, and i> u>ed for taking photographs 
and measuring the angles which the vertical plane of collimation 
makes with the base line The photo-theodolite designed by 
Mr. Bndges-Lee consi«ts essentially of — 
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(1) A camera of the fixed focus tj pe The focal length o*' 
the lens should be 15 cm or more The camera is mounted on 
the axis m the same manner as \emier plate of the a theodolite 

(2) A \ertical frame mside the box It carries a pair of 
hair lines one \ ertical and the other horizontal These wires, 
being pressed tightly agamst the sensitue plate are photographed 
on the photographic plate The mtersection of these two hair 
lines (or cross wires) is exactly opposite to the optical centre of 
the lens The Ime of coUimation is defined by the line joining 
the intersection of the cross hairs to the optical centre of the lens, 

(3) A horizontal transpar'-nt tangent scale attached to the 
frame across its rear side 

(4) A circular magnetic compass mounted on the base of the 
frame Its needle carries a vertical cylindrical transparent scale 
Ifraduated to 30 mmutes The magnetic bearing of the principal 
▼ertical plane (i e the vertical plane containing the optical axis) 
w given bj the reading of the scale at its intersection with the 
▼ertical hair on the photograph 

(5) A telescope mounted on tl e top of the camera box and 
*8pable of rotating on an horizontal axis It is fitted mth a 
vertical arc with verniers clamp and slow motion screw The 
Ime of sight is in the same x ertical plane as the optical axis of 
tbc camera lens 

(6) A graduated horizontal circle carrj mg x erniers reading 
to Single minutes and fitted with clamp and tangent screw below 
the camera 

(7) A lexellmg head similar to that of a theodolite (i e 
parallel plates xrith three levelling screxrs) 

(8) One or two long sensitixe bubbles mounted on the top 
®f the camera box for lex ellmg purposes 

The mstrument is supported on a tripod 

PnnciDle of the Method of Terrestrial Photogram- 
—The principle underlymg this method is exactly 
Similar to that of plane table surxejing It maj be stated 
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as The position of an object with reference to the base line is 
giv en by the intersection of tl e mj s drawn to it from each end 
of the bas" line Ilowcn er thwc is a differcn"e betn een the 
two methods In plane tablmg most of the work i» execu cd m 
the field while in this method it i» done in the office The 
principle is explained as follows 



In Fig 220 let 

C and D 
CD 

C£ end DE 


«<aiid fi 


M 


iEj and yi 


Xj and 1/2 


f 


ss (he camera stations 

— the base line of length b 

= the positions of tlie \ ertical plane of 
collimation (i e the i ertical plane cos* 
taming the optical axis) 

— tl e obsen ed angles ECD end EDC, 
which tlic vertical plane of collimation 
makes with the base Ime at C and D 
rcspectiv ely 

= the point to be located which is shown 
as 7/1 on both prints 
=> the distances of the point m from the 
vertical and horizontal hairs measured 
on the print at C respectivelj 
= the distances of the points m from the 
V ertical and horizontal hairs measured 
on the print at D respectn elj 
= the focal length of the came v lens 


Tf c pomt tl mav be plotted grapbi“aUy as well as anah ti 

call} 
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Graphical Method — (i) First plot the base line to the gi\ en 
scale Draw CE mahmg an angle of «( with CD with the help of 
a protractor Sinuhrh draw DE m^ing -in angle of p with DC 
(u) On CE mark the point e at a distance equal to/ m front 
of C Similarly set off a distance De equal to / along DE m 
front of D as shown in tlie figure 

(ui) Through these points e and e dr w lines at ngh*^ angles 
to CE and DE respectively Measure em equal o and e m 
equal to Xj along these perpendicular lines on the same side as on 
the prmts (Here they are measured on the left of CD and DE) 

(n ) Jom Cm and Dm and produce them so as to meet at M, 
which gn cs the required position of M on plan 



■D 


Fig 

To determine the lei el of the pomt JI (Fig 22”) , 

(0 Measure j/, which gi\es the height of m above the 
horizontal hair Rise of the rov from m to the centre of the 
object glass IS equal to y, in a horizoat'd distance •y' /s 4. 

(u) Measure the distance CM to scale on t le plan 
(in) The height (H) ofM above the horizontal plane of collima- 
tion at C is given bi 

H =CA[ 

Vf’ + 1 ,= 

Knowing the reduced Ie\el of the horizontal plane of colhraation 
the reduced lev cl of M mav be obtained the relation 

RL ofM = R L of the horizontal plane of coUiination+ H 

Anal>t cal Method — ^Referring to Fig ‘'‘'u let 
< = the angle ECD P = the arv«le CDE 

5t< = the angle AICE «ij8 = the anf’lf’ MDE 
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Then tan S«i = or S< = tan'i ~ 

tan SP = ^ or = laD“^ 

*. Z5ICD = »< + S < , £SIDC =- p 


Hence ^.CMD =» 180'* - 4 MCD - Z. MDC 

= {l80*-(< +S<)_(^_S/}} 

The distance CM and DM may be computed by the apphca* 
tion of the sme rule 


• CM = CD = b sin — 8^) 

sinCMD sm{l80* — ( ^+5 <) — (^ -S^)} 

sm MCD _ ^ sm( <+«•<) 

sm CMD sm{l80*-( < + 5 
Height (H) of M above the horizontal plane of coUunation 
at C (Fig 221) IS given by 




R L of M « R. L of the plane of colhmation at C + H. 
iVe/e — If the print from D shows the point m to the right 
of the vertical hair, the angle MDC — P + SP. 


Field Work —The field work of the terrestrial photographic 
surveying consuls of ( 1 ) reconnaissance, ( 2 ) tnangulation, and 
(3) camera work 


Reconnaissance — The existing maps of the area to be 
«urv eyed should first be procured and a thorough, careful study 
should be made as it is very hdpful in selecting suitable camera 
atations so that the area will be covered with a minimum number 
of photographs and the work can be done with speed and economy 
A careful reconnaissance of the area should next be made with 
a view to selecting suitable tiiangulation stations and camera 
stations The points to be considered in selecting camera 
stations ate 

( 1 ) The stations should be so fixed that the objects to be 
.plotted on the map can be dearly and easily recognised on at 
•least txo photographs taken at different stations 
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(2) The angle of intersection of the two direction lines 
locating a particular point should not be too aecute or too obtuse 

(3) The direction of the pointing should as far as possible 
be normal to the slope of the ground 

(4) They should be fixed on higher points so as to command 
the area. 

Tnangulalion — Asm other methods of sur\ev mg the control 
is established by triangulation All camera stations should be 
connected bj a tnangulation sjstem la extensue surveys two 
or more tnangulation systems are necessarj The tnangulation 
stations may sometimes be used as camera stations The 
elevations of the camera stations should be detennined by 
direct or tngonometncal levelling 

Camera IT orX — ^Photographs are tahen m pairs from the- 
ends of a base line (i e a line joining the camera stations) ■which' 
IS carefullj measured The more important points should 
appear on three or more photographs and each photograph 
should contain at least one tnangulation station or a pomt 
wluch has been alreadv fi\ed from a camera station Adjacent 
photographs should sufricientl> o\ erlap The numbe* of 
photographs to be taken at each station depends upon the 
area to be mapped and the field of view of the camera ( e 
the ratio of the focal length of the lens to the size of the plate 
used) 

Stereo photogramrn‘’tr} — Tlus method which is the 
modem development of photographic survevmg consists in taking 
stereoscopic \news of the surface features in pairs at the ends 
of a base line Tlie two erposures must be made with the 
photographic plates in the same vertical plane Ihis can b“ done 
by takmg the two photographs with the v ertica! planes uf colluna 
tion of the cameras at nght angler to the base line The length 
of the base line i e the honiootal distance between the parallel 
principal planes usuallv lies between 30 and 120 m It is 
measured either with a tape or obtamed bv the transit and 
stadia method 

Field tcorl — Th" Zeiss photo theodolite — spec all\ designed 
fo* stereo-photograinnie*’rv — consists of (0 a levelling bead, 
(u) a camera of the fixed focus tvpe and (ui) a theodolite mounted 
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on the steel camera casing Honzoatal and vertical angles can be 
observed as in the case of a transit The optical axis of the 
telescope and that of the camera are in the same vertical plane 
•when the horizontal circle reads zero 

The camera stations are located bj a triangulatioQ sj stem 
m the same way as in terrestrial photographic surveymg la 
this method every point is photographed twice from the parall 
orientations Havmg set up the camera at a station C— one en 
of the stereoscopic base line (Fig 222) and adjusted m the required 
position the exposure is roaae the base Ime is then set out at 
right angles to the principal plane bj the telescope and is 
measured tacheometncally The inslrument is then removed to 
D — the other end of the base line and set up with the optical 
axis of the camera parallel to its previous position (as at C) by 
talong a backsight on the previous station C through the telescope 
and the second view is then taken the two siews forming a 
•stereoscopic pair 

Pioittng — The two Mens forming a stereoscopic pair are 
^ i“wed through a stereoscope so that a % try bold relief is obtained 
Th- points are plotted with the help of a stereoscope The prm 
■ciple underlying the method of plotting is explained as follows 


■y 4v 





In Fig 2‘’8 let 

C and D = the optical centres of the lens 
f = the focal length of the lens 
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Xi and = the distances of the point m on the plate e\posed 
at C from the vertical and honrontal hairs 
respectiv ely. 

ffa and j/j = the distances of the same point m on the plate 
exposed at D from the verticil and horizontal 
hairs respectii elv. 

X and Yi s= the co ordinates of the point 51 (\ihich is re 
presented as m on the plate) from C 
X and Yj = the co ordinates of the pomt 51 from D 

b = the length of the stereoscopic base CD 

hi =* the height of the pomt M above the horizonLil 

plane of collimition at C 
hi «» „ „ at D 

Thtn Yi=^X, Y, = 1’X, t = Y.-Y,: 

or X= i 6 

J (•r> 


W hence, 1 1 
Now — 


Similarlj, — 

Vi 


" f 

CM X 

'CM,“ / 


(Tl-Ijl’ 


tr. 


DM 

^DM, 


f 


Whence, the difference of level of the two coUimation 
planes of the cameras 

(yj -y*) . 

/ 


-I,, -/(*; 


^ . 

ut / (■Ti-'T'’) y* (yi— Vi) 


Yotc — If the point M appears on the print at D to the left 
of Ihe vertical hair 1* = Y 4* 1% 
sun A 
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In practice, the quantities a*, y, the co-ordinates X and Y 
and h are measured oq a plotting machine knonn as Stereo- 
Comparator designed bj Dr Pulfnch Plans and contours are 
drawn automaticalh by the use of the instrument called the 
Stereoautograph h\ its im enter Major Von Orel, or b\ means of the 
well knomimstrument knownasthe Zeiss stereoplamgraph which 
IS uni\ ersalli used for mapping both ground and aerial sijr\e\ s 

Aerial Survejing — Since the First World War, the terrestrial 
photographic sun e\ mg has been replaced by aerial photographic 
survejing or briefla called aerial surveying for most of surses 
work due to the development of the aeroplane It is most 
suitable for small scale mapping especially m flat countrv The 
advantages of this method are (i) that the survey work lan be 
carried out with great speed and (ii) it can bo used with great 
siiecesi for other purposes such as classification of land md 
sod geological and archaeological insestigations, etc Veviftl 
survey is a highly teclmiea! and specialised work and must be 
carried out bj skilled specially trained, and experienced 
personnel Since acrnl siirvcv is \m elaborate and espmsire 
it IS. mainU mule b\ goi eminent organisations (by Suriev of 
India llepiTtim-nt m Indii) UecentK, private (ompanies have 
been foimcd to uiiderta! e this class of vvork Verual sur\e\ui,i 
Ci iisists of four pints 

'1) living (2) photograpUv (t) ground control and (4) 
Cl iiipilation oi mapping The ei[Uipment required for tins class 
of woik comprises (i) in aeroplane (ii) an aerial camera and 
(ill) acLCssoncs required for interpretation and plotting 

(1) Flying — While the photographs are being taken it i> 
of utmost importance tliat the aeroplane should fly at a vntjorm 
spceil on a slrmght course in \ gn en elirection at a conslonl height, 
wilhtiiif (lit of tlic micbine (the avis of the camera must be 
vertical I c punted duimwanlj Iflherebeanj variation m the 
Hi„ht altitude orflviiig height, the scale of the photographs 
will b( changcii , on the other hand an\ tilt of the cimcra will 
ruist dMortinn m the photographs 

(2) Venal Photograrhv — ^Pholognphs arc 1 d in aiilorna 
ti< dlv with sjKdil cameras on parallel strips or courses with 
^iiK rolls ov crl Ip l.ntli in the dim ti n of Ih 'ht irid at ri lit iiiglc'. 
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to it In order to ensure the rec^uired overlap between successive 
photographs, the photographs are taken at proper intervals 
along each strip, and the spacing of the parallel strips is so fixed 
that the necessary side overlap js obtamed The overlap between 
successive photographs is expressed as a percentage, and the 
amount of overlap in the direction of flight (longitudinal overlap) 
hes between 60 to 60% and that m a direction at right angles 
to it (side overlap) vanes between 25 to 30% 

There are two ways of taking aerial photographs viz 
(1) vertical, and (2) oblique. In the former photographs are 
taken with the avis of the camera pointing vertically downward, 
while in the latter the camera axis is given a tdt ( mclination ) 
of about 30* to the forward direction The vertical 
photography (i e vertical photographs) is used when only a 
pianimetric map of the area surveyed is required, while the 
oblique photography is used when a contoured map of the area 
« desired Vertical photographs give most accurate results 
and are, therefore, generally preferred In modem practice a 
multiple lens camera is preferred One vertical, end upto sue 
oblique photographs can be taken at one exposure with 
this camera 

(3) Ground Control — In order to produce an accurate map 
from aerial photographs it is absolutely necessary to furnish 
ground control It consists in locating the positions of a number 
of points all ov er the area to be survej ed and determinmg their 
levels These control points must be such that they can be 
readilj identified on the photographs They are established by 
triangulation or traversing Another requirement is that each 
portion of the area must appear on at least two photographs in 
order to obtain stereoscopic views of the whole ground 

Scale of the Photograph — The scale of the aenal photo- 
graph IS expressed as a representative fraction (R F ) Knowmg 
the height of the aeroplane above the ground and the focal length 
of the aenal camera, the scale of a photograph may be determined 
as follows 

s L-lt 19 
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Referring to Fig 329, let BC represent the level ground, 
eb, the picture plane , AO, the focal length (f) of the camera , 
A, the position of the camtta lens , H the height of the camera 
lens above the ground , S, the representativ e fraction 


>1 



Pig 


Then by similarity of Aab and ■iBC, 


f ^ab 
H “bC 


or 




/ 

S 


( 1 ) 


since — = S sa R F 
BC 

It must be temmibeted that the scale of the photograph 
depends upon the he^ht (H) of the camera nbo\e the ground 
Any variation in the \alue of 11 axilt change the scale It is, 
therefore essential that the aeroplane should fly at a consiani 
height If the region is urcgular the scale of the photograph 
will not be the same throughout the region m which case the 
flight altitude is kept constant and the scales are ■varied 

By flight altitude (height of flight) is meant the true height 
of the aeroplane above mean sea level (MS L ) It is equal 
to the barometric altitude as indicated bj an instrument known 
as aUimcler only when the atmospheric conditions are similar to 
those for which the uistrument is calibrated 

The flight altitude =he^ht of the ground above >1 S L 
+ H (2) 

H being obtained by the relation H = ^ 
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It may be noted that if the terrain is irregular, the average 
elevation of the ground must be taken to determine the value 
of the flight altitude by formula (2). 

Illustration . — Suppose the reduced levels of the ground sur- 
face vary from ISO to 4G0 ; the focal length of the camera is 

30 cm and the scale is . 

7200 

Then by equation (1), i. c. H = 

H « or H =x 21C0 m. 

1/7200 

The mean reduced level of the ground =: = 320. 

Flight altitude «= 820 -|- 2160 = 2480 above M. S. L 

Photographs Required The total number of photographs 
required to cover the area to be surve>'cd may be determmed, 
as follows 

Noiatton : — Lp «= the length of photograph in cm in the 
direction of flight. 

Wp=athe width of photograph m em at right 
angles to the direction of flight 
Oj =* the percentage of the longitudinal overtop 
Oa s= the percentage of the side overlap. 

Lj = the net ground distance corresponding to Lp 
in m or km 

\S’g =: the net ground distance corresponding to W 
m m or km. 

S = the scale of photograph. 

X = the number of photographs required. 

Ap = the net area of each photograph in sq. m or 
sq km 

Ag =3 the area of the tract to be photographed 
m sq m or sq. km 
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Then 

Lff = SL, (1 - O/) and Wg = SW^ (1 - 0^,) 

Net area of eai.ii photograph = Ap = X Wg 

Number of photographs required = . 

Ap 

Theoretical spacing of flight strips =» net width of a single 
photograph =» Wj 

Theoretical number of strips = ^ 

Wg 

Actual no of strips *= K + 1, one strip being added to cover 
the sides 

Theoretical no of photographs per strip JI 

Actual no of photographs per strip M + 3 one photograph 
bemg added to eo\ er the ends of the area 

Thus in practice there vrould be K + 1 strips of M + 1 
photographs each 

Actual no ofphotographsforcompletecoierogeofthearei 
= (K + 1) (M + 1) 

Interval between Exposures — The tune uitenal between 
exposures depends upon the speed of the aeroplane and the 
distance it travels between exposures Time interval in seconds 

between exposures = 

where V is the speed of the aeroplane in km per hour, and 
Lg, the distance the aeroplane travels between exposures in km 
(4) Mapping — “Maps may be prepared from photographs 
bj (i) the Three point method, (ii) the Radial line method and 
(lu) the Slotted template method All these methods are slow, 
tedious, and expensive In modem practice maps axe prepared 
by the use of the Zeiss Steccoplanigcaph or Zeiss Aerocartograph 


+ + 
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<3 1 Partieulara of part of a traverse are as oader — 
laae Length in feet Beanng 

AB 486 342* 24 

BC 1724 14* 35 

CD 1053 137* 20' 

Calcalbte the dirtanee between a poant B on AB 3‘*6 ft from A and a point 
r on CD 400 ft from C. (U. B ) 

(Ans 1662 Ift) 

Q 2 From a point C, it is required to set ont a line CD parallel to a 
given line AB, and »neh that ABD is a tight angle Cand D are not sieiMe ffom 
A and B, and traversing is performed aa follows — 


Line Length lo D Besnng 

BA 360* 

BE 258 5 200* 6" 

EF 307 0 352* 6 

rc 106 6 265* 2‘ 


CoTopate the required length and bearing of CD B ) 

(Aas S74 1 ft 180‘) 

Q 3 The following traverse is mo from \ to B, between which of 
reoccur certain obstacles 


Line Length in feet Bearing 

AC 236 78* 35' 

CD 1142 JO* 20 

DB 455 274* 15 

Calcnlate the length and bearing of AB (K D ) 

(Ans 1204 ft , 359* 10'.) 


Q 4 From the initial staticnA of an nnclcoed traverse the beanng of 
a distant point P is observed to be 62’ 18 From station E, which is 6®38 ft N. 
andSOlftft W of A the bearing ofP 1891*37' Calcnlatethe beanng cfp from M 
ofwhicb the total CO ordinates refcrredtoAarell273 ft ^ and 1419ft E fU P.) 

(Ans 114*16') 

Q 6 Two points P and S are connceted by a traverse survey PQK8, 
The traverse is conducted in a eoaatet clockwise direction and the foBowmg 
measnremecta were recorded — 

PQ = 583 ft. Angle PQR = 123* 20' 

QP. » 795 ft Angle QBS » 104* 40' 

RS « 876 ft 
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AssuraingttatPQ isiaibsTnendtan deteniuse(i) the latit\jdeand departure 
of S relatirely to P, (u) the length of the line FS, and (m) the angle QPS 

(G U) 

(Ans (i) + 549 Oft , — 13^3 1ft , (u) 143211,(01)67“ 28') 
Q 6 The follomag are the eo ordinatej of three stations A, B, and C 
Station Koith Co ordinate East Co ordinate 

AO 0 

B 2S94 59S2 

G 9760 3255 

The hearings to a distant point P from A and B are N 27* 32 W and 
N 63* 14 W respcetirely Compote the beanng of P from C 

(Ans S 6o» 21' W) 

Q 7 From an initial station A of an anclosed trarerse, the bearing of a 
distant point P is observed to be 61“ 24 rrom station II, vhieh is 6423 ft K 
and 2815 ft W of A, the bearing to P i« 91* 12 Calcak'4 the beancg ofP 
from E, ofubith the total co-cedinatee referred to A are 12160 ft N and 


1S30 ft E (U B ) 

(Ans 121* 61'.) 

Q. 8 Two stations A and B are fixed oa either side of a wood la order 
to determine the length of AB, the following trarerse is mn 

Line. Length lo feet Bearing 

AC 438 43“ 24' 

CD 664 110* 12 

DB 583 152* 36' 


Caloulate the length of AB An inlennediate point £ is to be fixed on AB 
by rnnniog a One DE on a beanng of 163*6 ' Determine the length of PE« 

(Ans 1301 ft ,463 ft J 

Q 9. The co-ordinates of two stations A and B are 
Station Coordinates 

\ E 

A 7440 5275 

C 816S 6733 

From A, a line u run on a bearing of 143*10 and from B, a line a is set out 
on a bearing of 192* 2o Find the co ordinates of the point of intersection of 
these lines. 

(Ans 5891 N , 6237 E ) 

Vb 'Ilie vn-nrinjates nS tiro lAstions 1»\ nni l'« tfi n tVittAdiAe; vum? 
ate as follows 

Station. North Co oc^imte East Co-ordinate 

51 5696 ft 872a ft 

9525 „ 


6470 
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The following notes refer to the compass traverse run between JI and N 


Line Length in feet Bearing 

Ma S'*! j39* 4j 

ab 416 70 15 

be o34 25® 4o 

cN 465 347® 30 


The magnetic north of the compass survey is 4®24 east of the tn e meridian 
of the theodolite surrey Assunung the theodolite work to be correct Jfind 
the clwing error of the compa*s traverse 

(Am 7 865 ft.) 

Q 11 A closed traverse was conducted round aa obstacle and the following 
ohservatiQus were made Work out the missing quantities 
£ide Length m ft Anmuth 

AB ~ 33® 4a 

BC 300 86® 23 

CD — 169* 36 

DE 4a0 243® 54 

EA 268 317® 30 (G U ) 

(tns AB e 3‘>2 5 ft CD «■ 305 7 ft ) 
Q llfl Two points A and D a** connected by a Inverse esirey ABCD 
The traverse is coadocted in a counter clochm^ direr on and the following 
measurentefits were recorded 

AB-876ft BC-6S2ft CD-0S3ft 
Angle in ABC > 118* la Angle BCD » 108* 40 
Assaming that AB is in the meridian detemune (1) the latitude and depar 
ture of D rchtsvely to A (2) (be length AD and (3) the angle BAD (0 U ) 
(Ans (1) 527 3 N 1318 7o W (2) 14 0 ft (3)68*12 ) 
Q 12 A and B arc two of the stations m setting ou* eoastruction lines for 
harbour works The total fat tude and departuie of A referred to the origin 
of the system are respectively +542 7 It and —331 2 ft and those of B are 
4- 713 0 ft and +5S7 8 ft A point C is fixed by measunag from A a distance 
of 433 ft on a beanng of 3*6* 14 and from it a line CD 115°* ft in length is 
set out parallel to AB It is reqo red to check the position cf D by a sight 
from B Calculate the bearing of D from B (U B ) 

(Ans 13® 31 40' ) 

Q 13 <a) Permanent adjust-oeats of a transit theodolite have to he 

performed Its alt tude bubble tube is attached totbe vernier 
T frsTi* D scr be the order m which these adjustments 
should be earned out 

b Give the procedure and correction of the adj ustment ofaltitude 
bubble tube so as to make the line of coUimation honzontal 
when the bubble is centred and reading of the vertical circle 
IS zero The instrument has clamp and tangent screw on 
opposite tide of the telescope to the vertical circle and clip 
s rews of T frame (G U ) 
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Q 14. EiplaiQ how a theodolite la tested, and, if accessary corrected, 
so that (i) lice of coUunatioo may be coincident rnth the longitudinal axis of 
the telescope, and (u) Line of ooUimatiomnay be at right angles to the transverse 
asis. (K U ) 

Q 15 (a) State the five fgndanieotal tines which are generally 

embodied id the constmction of a theodohte and show them 
by line diagrams 

(b) Mention the conditions of sdjostment to be exanuned in a 
pattern of a general purpose transit theodolite 

(e) A transit theodolite is to be nsed tor the measurement of 
horizontal angles Which of the above adjustments must be 
correct to ensure accurate results I Describe fully bow yon 
would check their accuracy {U IP ) 

Q 16 Find the difference in level between two stations A and B from 
the following data — 

Horizontal distance between yoiuts A and B » 10275 ft 
Aagls of elevation from A to B » ]* 48 25' 

An^e of depression from B to A •• 1* 44' SO* 

Height of Instrument at A a 4 8 ft 

Height of Instromeat at B > 5 Oft 

Height of Bignal at A 1,12 2 ft 

Height of signal at B « 10 8 ft 

Log sin 1' • T 685575 (K V ) 

lAns 318 ft 9 3 ) 

Q 17 A vane 3 feet above the ground at B IS sightedfrom two instrument 
stations A and F, 200 ft apart TbeauglesofelevationaredS* 30 fromAand 
Stf 20* from F The height of the instrument axis at A above the ground ^ 

5 10 f and atFs476ft. A staff is held upon the peg at F and a reading of 
8 48 ft obtained from the instroineot at A the babble being in the centre of its 
rtto. Find the horizontal distance from A to B and the reduced level of B, that 
of F being 100 00 ft above datum (H D.) 

(Ana “61 68 ft R L of B = 332 04 ) 

Q 18 A target of 10 ft height is erected at a point T on the top of a 
bmldmg Following observations are made to this targetfrom {ostrument stations 
AandB, 730ft apart tbesitD3tiODsoftwostatioDSbeiagatcoa3]derablcd.ffereDt 

elevations Tbc angle of elevation froDi A toT is 47* 30 and thatfromBtoT 
32* 40 A vane 4 5 ft above the foot of the staff held on A is sighted from B 
sad the angle of clevatlna observed is !*• Id*, the height of instnanect at A 
beiag4 7o ft andthatatBd 08 ft TheRL o^stationB isSSS 67 Find (i) the 
honrontal distance of T from B and (ii) the R L of T the station point on the 
top of the hill (O ^ ) 

(An*, (i) 1458 6ft, (u) R. L o'T - I2 j3 8 
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Q 19 The following data were obtainei! from reciproeal observations 
for altitude of A and B — 

The Reduced level of A 869 59 ft 

The height of instrument at A 6 33 ft 

The height of instrument at B 4 92 ft 

The height of signal at A 2» 31 ft 

The height of signal at B 15 Soft 

Angle of elevation from A to B 3* 34 20' 

Angle of depression from B to A 3* 31' 20' 

The horizontal dis'ance from A to B asdeternuned by triangulation is 
18740 ft What is the reduced level of B t Find also the mean value of the 
angle of refraction and coefficient of refraction 

Take the radios of earth » 20390000 ft (UP) 

(tn« 2036 39. 14' 06. 0 076 ) 

Q 20 Bind the difference of level between two points A and B from the 
following data ~ 

Soraontal distance between the points K and B i> 16030 2 feet 
Vertical angle from A to B •• •!• 16 20' 

Vertical angle from B to A » - 10 26' 

Height of iDstroment at A a 4 8 ft 

Height of instrument at B a 4 7 ft 

Height of aigoai at A a 20 2 ft 

Height of signal at B •• 18 5 ft (H B) 

(Ans 63 274 ft) 

Q 21 Find the difference of level between two points A ami B hy ceet*. 
procal vertical angle readings, given the following data — 


Horizontal distance between A and B 46778 ft 

Vertical angle from A to B - O’ 16 35' 

Height of signal at B 15 ft 

Height of instrument at A 5 ft 

Vertical angle from B to A +0* 22 26* 

Height of signal at A 7 ft 

Height of instniment at B 6 3 ft 


If the height of ground at A is 5404 ft what is the gronsd level height at B 
Assume the mean radios of the earth as 3936 miles (U B ) 

(Ans. 5128 04 ft ) 

Q 23 The following reciprocal observations were recorded at two stations 
A and B situated 11420 ft apart — 

Height of instrument at A ^ 4 68 ft 

Height of signal at A = 14 70 ft 

Reduced level of A = 421 20 fl 

Elevation of signal at B = 1® 49 6' 
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Height'of jnstronlfinl at B •= 4 91 ft. 

Heightjof signal at B ^ 12 SO ft 

Depression of signal at A « I* 45' 1ft' 

Find the reduced Icye! of B, given that R sin 1' = 101 31ft and also the 
refraction correction. fU. Bj 

(Ans. 773 23,fl*ll'.) 

Q 23 A'tacheanietetusetupatnniatetnwiatepointoaattaecrsecoarse 
AB, and the folloiring abserrations are made on a vertieallj held staff ~ 
Staffstation Vertical Angle Staff intercept. Axial Hairlleading 
A ~5*24‘ 7 25 6 62 

B — 6» 18' 6 60 6 34 

The instrument is fitted trith an anatlatic lens, and the constant is 100. 
Coraputejthe length of AB and the reduced level of B, that of A being 325’25* 
(hns AB » 1370 7 ft. R. L ofB = 321 '48) (K.U.) 

Q 24 (a) BxplasB hovr yoa srould determine the constants of a tactveo- 
meter What are the adraotages of an anallatio lens used 
10 a tacheometer. 

(h) Levels were carried from n bench marL to the fint station A 
of a taeheomelrie surrey by taeheomettie observatioBS The 
inatruroent was fitted with ao anallatio leos and the ralae 
of the coostaot was 100 The following observations are 
recorded, the staff being held vertical : 

Inst. Height off SuS Vertical Staff Bematki 

station. axis station angle readings 

0 4 40 5. M >2*20' 5 00,7*11.9 22 B L ofBlI. 

„ „ C. P +4*36' 4 50,6 07,7*64 -760*75 

A 3 SO C r +5* is 4 00.5 90,7*81 

Compute the elevation of station A. (E. U.i 

(Ans. 236*l.j 

Q 25 Determine the gmdieat from a point A to a point B from the following 
■observations made with a tacheometer fitted withan anallatio less The constant 
of the instrument was 100 and the staff was held vertically — 

Inst Staff Bearing Vertical Staff Readings 

station point angle 

P A 340* +14*36 2 90, 5 63, 8 36 

B 70* + 9*43' 2 60, 7*40, 12 20 (K. U ) 

(Ans 1 in 40 84 j 

Q 26 Dcterimne the gradient front a point A to another point B from the 
following obaervatioos made with a fixed hair tacheometer fitted with an 
aoaUatie lens The constant of tbe ipslniment is 100 

Inat Bearing V«tica.l H&ir Tending 

station point angle 

P A 345* +!•»* 3*00, 5*74, 8*43 

P B 73* +10* 2*50.7*35, 12*20 (UB) 

(Ans. 1 (o39.3} 
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Q, 27 Levels were earned from a benchmark to the first station A of 
a taoheomctrio survey by tacheoraetnc observations The instnnnent’lwas 
fitted with an anallatic lens andthevalneoftbeconstant was 100 ThefoUowisg 
observations were made the staff having been held vertically — 

Inst Ht of Staff Vertical Staff readings Elevation 

station Axis Eoint Angle 

1 4 60 0 B 11 -e^aO 2 40 5 00 7 60 o60 7t> 

1 4 60 C.P +4*36 3 60 5 OT 6 64 

A 4 80 , -6“ 12 3 Ifl 4 "0 6 21 

Compute the elevation of station \ (LB) 

(Ans 676 60) 

Q 28 Compare the differentsystems of detemuning distances by telescope 
The following readings were taken with an anallatio tacheometer the staff having 
been held vertically The constant of the instrument was 100 — 

Inst Height Staff Vertical Hau Kemarks 

station of Axis Station Angle readings 

L 4 SO B M - 6* 12 3 10 4 70 6 21 It L of B M 

- 180 75 

L 4 50 M + o 1 * 00 » 01 7 82 

M 4 60 N +10' 42 4 00 6 46 8 02 

Caloolate (a) the honzontal distances LM and MN and (b) the redneed 
lereli of L Jl and N fD B ) 

(Ans LM--378 8fe MV>*475 lft R L of L - 213 38 U-246 45. 
V 334 35 ) 

Q 29 (a) Describe the field procedure for a taebeometno traverse anrrey 
for the preliminary location of a railwav hoe 

(b) The elevation of a point P is to be detemuned by observatiooa from 
two adjacent stations of a tacheoraetnc survey The staff was held vertically 
npon the point The lostruraeat is fitted withsnanallatic lens and the constant 
IS 100 Compute the required elevat on from the following data taking the 
two observations as equally tmitwortby 
Inst Height Elevation Point VerQcal Axial Hair Stadia 
Station of axis of station angle Reading Intersept 

A 4 20 880 60 P +2“‘»7 7 66 8 12 

B 4 40 971 90 P ~4* 51 6 93 6 8" 

(L P) 
{Ans 911 695 ) 

Q 30 The staff intercept of stadia read ngs for an instrument with 
telescope honzontal IS 3 01 ft for a distance of 400 ft and I 46 ft fora di:>tance 
of 150 ft The iQitr iraent IS then set overa station A having R L of410''5 
the height of the instrument above the station point being 4 52 ft The stadia 
and axial readin'^ on a vertical s aff at station B aae 1 46 4 42 and 7 38 ft 
when the vertical an^le u — la® Dednce the horizontal distance from A to B 
sndtheredncedlevel ofstationB 

<Ans - = 10 1 /-‘d = l I Distance AB^set 36 ft RLofBB''957) 
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Q 31 FoUowiog otservations were takes from two traverse stations ky 
means of s techeoiueter fitted with an analbtie lens Tbe constant of the 
instrument is 100 


lost 

Staff 

Height of 

Beanisg 

Vertical 

Staff readings 

Station 

A 

station 

C 

instrument 

4 50 

295*30' 

Angle 
+ 15* 40 

2 15, 4 46, 6 : 

B 

D 

4 75 

M*45 

-20* 10 

3 21.4 83.6 4 


Co ordinates of station A fi7o 4311 , 428 26 W 
„ , , B 324 62 ^ , 268 14 E 

P. I. of A = 545 78, B L of B = 422 34 

Compute the length and gradient of the hue CD (G U 

(Ans CD = 1403 ft . 1 in 4 03) 

Q 32 {a) Explain hy means of diagram tbe pnnfiple of the stadia 

(h) The focal length of the ohjeet glass in a telescope is 10 in. and 
the Tcrtical axis of the theodobte is midway between the 
object glass and its Principa) focus When the staff is at a 
distance of 401 25 ft from the axis of theodobte, the intercep- 
ted height on tbe staff was fonnd tobe4ft VYhatfs the distance 
Wiween “I'ne yait td wtkis m tke fiap’tmgni ^ ^ ^ 

( Ans isth.) 

Q 33 Explain how yon would detemiine the constants of a tacheometce. 
The stadia intercept mad by means of a fixed hair instmment on a Tertioally 
held staff IS 3 73 ft., the angle of elevation beiogfi’ 27 The instmment oonstante 
are IdOaad 1 1 What would be the total nnmbetof turns registered ona movable 
hair lostromect at the same statioo fora 5 ft intercept on a staff held on the 
same point the vertical angle in this case being 6* 21' and the constants are 1000 
and 1 4 T {G G ) 

(Ans Distance 369 493 ft , no of turns = 13 43 ) 
Q 34 A tacheometer has a diaphragm with three Cross hairs spaoeda 
distances apart of ^ inch The focal length irf the object glass is 9 laches 
and the distance from the object glass to the trunoion axil 4^ inches A staff 
u held vertically at a point the level of which is 47o 63 ft. above datum Tbe 
telescope 13 mehaed upwards at 8* to the horizontal and the readings tahen on 
the staff are 6 66 ft o 11 ft , 3 56 ft Piai the distance of the point from the 
telescope and the level of the instnnneDt station. The height of the trunnion 
axis of tbe telesi ope is 4 6* {G U ) 

(Ans 648 51ft .399 22) 
Q 3o The following notes refer to two observations m a tacheometne 
surrej The elevaiion of the instmment station was 639 4O, the tmnnion axis 
of the telescope having been at 4 70 It above the station — 

Staff station Bcanng \ertiealangle Staff readings 

A 9T 45' - 6* 12 3 19, 4 70, G 21 

D 105*50 +10*42’ 4 00 ,6 46, 8 92 
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The lostrament was fitted witb an anallatio leas, the value of the constant 
beingJlOO The staff was held vertically Find the horizontal distance between 
the staff stations A and B and thei? elevations (K U.) 

(4n3 184 5 ft 606 97 , 727 40 ) 

Q. 36 (a) Deicnbe the main features of an auto redaction tacheometer 

(b) The following observations were made with a tacheometer 
set np at stations A and B , the staff was held vertical 
Instrnment Staff Height of \ertical Staff readings 

station station inst axis Angle 

A BM 4 a 4-4’ 30 5i0.6 10.7it» 

A CP 4 2 +5*30 3 60, 4 70.5 90 

B CP 4 5 -6’ 15 4 30, 6 20, 8 10 

Take P L of B M 400 00 and value of the tacheometnc constants as 100 
undo FindtheR L ofstations AaodBandalsothe distancefrom A totbeB M 
(Ans R L of A»386 26, B - 4ol 47 distance = I9S "6ft) (U P) 

Q 37 What IS a transition curvet Why is it used ♦ What is meant by 
* shift ” of a carve 1 

Two straights on the centre lineofa proposed railway inter*ect at 63 + 54 m 
100-ft nmts, the defiection angle being 33’ 34 It is proposed to pat in a circular 
carve of 1600 ft radius with a cubic parabolic transition curve 160 ft long 
at each end The combined enrre is to be set out by the method of deflection angles 
nth pegs at every 50 ft of through chainage on the transition corves, and with 
pegs at every 100 ft of through ebaioage on the circular curve Tabulate the 
data Klative to the first two stations on the fitst transition curve and the 
juacvions of the transition curves with the circular arc (E U.) 

(Ans Deflection angles 3 46 92* 17 Jo 8' 1* 4 27' , 15* 68' 48' ) 

Q 38 Two tangents intersect at 76o0 ft , the deflection angle bewg 
63’ 36 It IS proposed to insert a circular curve of 600 ft radius with a cubic 
parabolic traosition curve 142 ft in length at each end The circular carve is 
to be set out with pegs at every lOOft and the transition curves with pegs at 
every 50 ft of throngb chainage The combined curve is to be set out by the 
method of deflection angles Tabulate the data relative to the first station on 
the first transition curve, and the junctions of the transition carves with the 
eircnlar are (K U > 

(Ans Deflection angles I So’, 1’ 41' 42' , 26° 43 ) 

^ "iTj h ndiway curve iskoVt hfavii/gt, 

deflecuon angle of 93“ 30 The chainage of the intersection point is 6"28 ft The 
manmuni speed on this part of the railway is 6a mdes per hour Allowing 
the masuamn rate of change ofacceleration*! ft /sec* and taking the radius 
of the circolar curve as 1400 ft , find (a) the length of the transition curve, and 
(h) chainage at the bcginoing and end of the transition curves (G D.) 

(Ana (a) 619 ft., tb) 47s0*5ft ,6399 5 ft , 7186 5ft , 7805 6ft.) 
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Q 40 Tiro straights AB and BC meet inaa inaccessible point B aad 
aro Joined bj a eircolai curve having tadins of 6 chains Points P and Q vere 
located on the lines AB andBCrespeetivetysothat in between these two points 
thefoBowingmeasurements could be taken chainage ofPfrom A = S5 64 chns , 
length of PQ =» 3 5 chns , angle APQ^IW® 30 and angle CQP=135® 40' 
Calculate the tangential angles for Mttiog out the curve by Theodolite (G U ) 
(Aos. chainage of Tv°*30 917 chn. Chainage of C17 chn.) 

Q 41. The centre line of a railway laid in the direction of N 45® 30' E 
defiectstoN ?5“30E at chainage 26304-00 It is proposed to inttodncc two 
transiUon spirals between the ends ofa central 3® citcolai carve and the straights 
Work oat the chainages of the beginning and end of the £cst transition carve and 
its total spiral angle The probable speed of trains on the curve js 30 miles per 
hoar and the rate of canting is 1 inch per 80 feet (U B ) 

(Ana 1932 95ft .2341 45ft .6*7 40® 8.) 
Q 43 Explain the reasons for the desirability ofistrodneinga transition 
carve between a tangent and a circnlar curve 

On a proposed railway two straights intersect at 86-1-42 in 100 ft nuts 
the deSection angle being 30® 36 A cireularcurTe of 1200 ft radius asd enbie 
parahol e UansU on carves aretobemserted tbe latter being 160 ft in length 
The combined curve is to he set out by the method of defleeUon angles with 
pegs at every oO ft of through chainage on the tmnsition carve, and with pegs 
at ereiy 100 ft of through chainage on the circular curve Tabulate the data 
relative to the first two stations on the first transition curve and the jmetions 
of the transition curves with the circular arc (UB) 

(Ans Deflection angles 49' 33 13 13*8 1® 16 22* 8 , 11® 28 54') 
Q 43 The bearings of two intersecting straights on the centre line of a 
proposed railway are respectively N 38® 15 E and V 74® 45 E the point of 
stersection occnrriQgat 67a73ia 100 ft units Itis proposed toputina ciroolar 
^cnrve of 1200 ft radius with a cubic parabolic transition carve 145 ft in length 
at each end The cite i ar curve is to be set out with pegs at every 100 ft 
and the traasition curves with pegs at every 30 ft of through chainage (a) 
Calcolate the chainage at the beginning and at the end of the curve (b) The 
combined curve is to le set out by the method of deflection angles Tabulate 
the data relative to the first two points on the first transition carve and the 
Junctions of transition curves with tbecireular arc (D B) 

(Ads (a 63 + 6 5 72 + 16 (b) 6 14* 28 iV 4, 1®9 1j' 6 14*47 10* 2 
Q 44 Write short notes OB thefoUowingwithsketches where necessary 
(i) Equation time (u) Sidereal tune (lu) Bight angled astronomical 
triangle (iv) Svs^ms of celestial co ordinates (K U ) 

Q 44a Explain the various systems of specifying the position ofaheavenly 
body on thecelcstnl sphere A star was observed at western elongitiOD at a place 
in latitude 50 40 \ when its clockwise honsontal nngle from a survey line 
was lOG 4S 0 Detcnnine the azimuth of the survey line given that the 
star 8 deebnat on was "4 12 30* N (E U ) 

{Ans 2*7® 46 3* 43 clockwise from north ) 
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Q. 45 (a) State “ Napier’s Roles of Circular Parts.” 

(b) What do jOTi ooderstand (i) apparent solar time, (ii) mean 
solar time, and (ui) sidereal tune 

(c) Find the local mean tune of traa>it of a star in longitude 
30® 15' E. on NoTember2o, 1940, given the following — 

G S. T. of G 31. 31. onNor 2o, 1940 =6 h 30 m 35s 
R A ofstar=lh 32ni 27s. (K U.) 

tAns 19h 2m 11 68 s ) 
Q. 46. Show with the aid of sketches, where necessary, the relationship 
bstween the following . 

(a) The R. A of a star, the hour angle of the star at any lostan, 
and the sidereal tune at that instant, (ii) Local mean time, 
local apparent time, and the equation of tune 

{!>) TVhafc do you nnderstand by correction for ‘ parallax '* 
“ aeiQi diameter”, and “ refraction” t When ate these used T 

(c) An ohserration is to be made on a star whose R A is 4 h 8 m, 
12 8. Calculate the local mean time of upper transit of a star at 
a place in latitude 53® 34' N. and longitude 16® 48' £ on a 
day on which the O S. T of 0 31 N is 16 b 13 m 8 s. 
What IS the altitude of transit if the declination of the star u 
64* 10' 30* (TT. P) 

(Aos lib 54 m 17 7 s . 88* 13' 24') 
Q 47 (a) Oire a Lst of coirections which must be appbed to the observed 
altitude of the sun 

(b) A star was ob«erved at western elongation at a place in latitude 

53* 30' N. Tbe mean obserred horizontal angle between the 
survey line and the star was 75* 12' 20', the star lying between 
the mendian and the line. The declination of the star vras 
60® 24' N. Find the azimutb of tbe line (S. U ) 

(Ans 230* 33' 45' 4 clockwise from north ) 
Q 48 Determine the G, 31 T, at which the star « Anrigae crossed the 
o endian of a station in longitude 28' 31' E in the northern hemisphere at uppe. 
Culmination qq 3lay Slat, 1926, the decimation of the star being 45* 55' 25' N. 
and lU Right Ascension 5h. 11 m. 6 a. withG S.T ofG.BI N. 4 h 32 m 55 as 
If the true altitude of the star was 76* 30'50',findalso the latitude of the station. 

(U B.) 

(Ans. 10 h 45 m. 23-27 a . 32® 26' 16'N ) 
Q 49. The following oboervabona of the lower limb of theSun were taken 
for azimuth of a line in connection with a snrvcy — 

( I ) Mean time = 16 h. 30 m. ( ii ) Slean horizontal angle between 

the Sun and refemn,'' object 

<m) The son is west of R. 0. “ 18® 20' 30* 

(iv) Son's semi diameter = 16'5'. 
(r) Sun’s parallax = 8'. (vi) Refraction correction = 1' 23')» 
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(tL) Mean observed altitude •» 33* SO* 22* (rm) Declmabon of Sun from N A. 
(«) Latitude of tte place » +52*30'20* «»+ 22*5 36* 

Detemune the anmtrth of lie line (K. V ) 

(An* 281* 13 i-’ clock^se from ncrtb) 

Q SO Tiod L. S T at a mboaia los^itode 76* 20 E at 9 30 A ^ 
(Indian Zone tune] oo August 10 On that date at G M M,tbeK A ofmean 
tun is 9 b 23 m 30 d 8. (G U) 

(Ans 6 h 19 m 30 3 e.) 

Q 51 (a) An ob<eiTation was made at zone tune D h lOm 30 s on Sib 

August 1039> the Zone time being that of the standard 
mendianor’‘5*£ Find out the hour angle of the sun at a place 
in longitude 73°£ eorrespondiog to the observation tune given 
above Fqualion of timeat G M N on the date of observa- 
tion IS 3 m 15 IS a. anbtraetive and decreasing at 0 70~5 t 
per hour 

(b) From nautical olmanae it is found that on the date of 
observation G S T of G M N is 3 h. H m 28 s Taking 
SetardatioD as 8 8555 a. per boor of longitude is problem (a), 
find the local adetea] tune (0 U ) 

(Aoi. (a) l3o* 2* I9'*25 easterly (b) 12 h IT m. 3a 16 • ) 

0 62 An observation for latitude was made on \ov 15 IdSfiisJosgitude 
72*57 24*E themendianattitodeoftbeSnnslowerbmbbeingthetttS* s3 13* 
What was the approximate latitude of the plate* (a) The tun being south of the 
observer’s zenith (b) The eun being north of the observct’e senith For com 
potatson the following data u taken from the Nautical Almanac 

Sun a apparent decbaation at C M T OhoursNovIS 1943x16’ 24,43'S 
increasing 38' 2 per hour Pefiaction 0 8 , Son s semi diameter 16 12'^ 
Boruontal pamlax 8' 84 Equadon of tune + 15 m 25 5 s. (ranafion 0 4 8 
decreasing per Lour) (0 U ) 

(Ana. (a) 22* tO* 12' 2 N (b) 59’ 33 22* 1 6 ) 

Q 53 Aeircurapolaistar deebnation+80* l7 > rightascensionSh 49nx Us. 

15 obverved at western elongation in the evenjog in latitude 60*4 N longitude 
127* Siy W when Its whole circle beanag fromn referenoe line OAis found to be 
207* 47 Find the beanag of OA bom the tnendian and also the local mean 
time at which elongation IS to be expected if the Q S T of 24 b. O M T is 

16 b 54 m 13 a The diderence between ndereal and mean t me intervalsmay 

be taken as 10 seconds per hour (G U ) 

(Aos I3»* 26 50* 5 clockwise from north 2Ih 40ra die) 

Q 54 (a Explain the following temis — 

( i ] Equation of tune (u) Decbnation, (iii ] Longitude 
(iv] Azimuth (v) Sean diaineter nod (ti) Local s dereal tmc 
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(b) Find the L.S T. eorteapondmgtoSp ra.atBombayinlongitnde- 
72“ 48' 46*’.8 E. on march 2, 1954, the G. S T. of G M. M. 
being 10 h. 37 m. 56.97 s. (G U.) 

(Ads (b) 3 h.39m 56 69 b ) 

Q 65. A star was observed at western elongation at a place in latitude 
64* 30' N, and longitude 52“ 20' E , when ita clockwise horizontal angle from a 
snrveyhne was 116“ 18' 36*. The deeliaation of the star was 62“ 12 21* N and 
its nght ascension II h 58m. 368. TheGS.T ofC U N was 4h 38m 32 6 e.- 
Determine (a) the azimuth of the survey line and (b) the local mean time of 
elongotion. (K U ) 

(Ans. (a) 190“ 16' 25* 67 clockwise from north, (b) 9h 8 m 32 94p ra ) 

Q 56. A star was observed at its eastern elongation m latitude 53° 32 X 
and the mean angle between a line and star was found to be 7o° 18 20*. the etar 
and the line being on opposite sides of the mendian Find (a) the azimuth of 
the hnc, (h) the altitude of the star at observatioo,(c) tbeLJlI T of observation, 
with the following data — Declination of the star 66“ 42' 53' 2 N . longitndr 
of the place 5 b.4Qm. ISs. W . B A. of the star 10 h. 58m 3 9 s , S T at 
G. M. M. 4 h. 68 m. 23'84 s. (tJ P.) 

(Am. (a) 332“ 7' 3'*7 , (b) 74“ 9' 32'-9 , (c) 4 h 8 m 418 8} 

Q. 67. A star was observed at western elongation at a place lo latitude 
62“ 20* N. and longitude 52“ 20' E , when its clockwise honzontaJ angle from a 
iturey hue was 105“ 49' 65*. Find the azimuth of the survey bne, and the local 
mean tune of elongation, given that the star’s dechnaUon was 74“ 27' 30' K. 
and its nght ascension 14 h 60 m. 64 s , the G. S T of G M N being 6 h.. 
l«m 648. (U B) 

(Ans 228“9'40'-64 . 1th 7m 47 Ss.l 

Q. 68. (a) Explain the following terms. — 

(i) Equation of tune, (it) Celestial sphere, (ui) Parallax, and 
(it) Sidereal tune 

(b) An observation was made on December 30, 1019 in lonptnde 
82* 17' 30* E , themcndian altitude of the sun’s lower limb 
was 40“ 15' 13*. The son was on the south of the observer’s 
zenith. Calcnlate the approxunate latitude of the place. 
Correction for refraction « 1' 10' , correction for parallax 
= 6* 9, correction for semi diameter 16' 17**5 Declination 
ol the stm at G A N. •> 23“ 13' 15' decreasing at the rat* 03 
9*’17 per hour. ®‘) 

(Ana N 26* 17’ 7 91»). 

Q. 69. Discuss the relative merits of Tnangulation and Preside Traversing 
and enumerate the conditions nnder which the latter is more suitable. 'Which 
type of angle measuring instrument is suitable for Precise traversing (G. U ) 

Q. 60. (a) Give details with sketches of the specul features in the m odem 
theodohtes wed for taking observations in Geodetic snrveying. 
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(b) De«cnbe the errors that can beehminated by repetifionmethod 
^th a transit instrument ont of adjustment and mention such 
errors as cannot be elinunated bv this method. (0 T7 ) 

Q 61 Dar ng reconnaissance of the biUy part of a country for Geodetic 
•Surreviag foUo^rinsinformationwasobtainedregardiag the profile ofinterrening 
ground betireea stations P and Q distance So mile< Eleyations above mean sea 
level of P = 845 ft Q- 4123 ft Peak L = I2a0ft Peak M = *’430 ft Peaks 
L and II are situated in betireea line PQ Distance PL = 38 miles and PM «= 
G3 miles If P is to he gronnd station find the minunum station height 
above ground at Q to get 10 ft clearance of the line of sight PQ above the 
intervening peaks tG TJ ) 

(Ans 2o 23ft> 

Q 62 (a) Describe varioua methods of extending a base line and explain 

Its necessity 

(b) The proposed elevations of two stations A and B 70 mOee 
apart are respectively 516 and 142S feet above mean tea level 
The only likely obstraclion is situated at C, 20 miles from B 
aridhasanelevatioiiofSdS feet Ascertain by how much Ifsny 
B should be raised sa that line of sight may cleat C by 10 feel 

(K XJ) 

(Ass 20 6 ft.) 

Q 63 Statethe vanous kinds ofsigoalsused ID tnangulatioD snrreyt* The 
elevation of an Kistramest at A is 310 3 ft Pind the nucimum height of signal 
reqniredstB. 28 3 miles distant, where the elevation of the ground is 396 0 ft. 
Thetfiterveniaggroafidmaybe aasomedto have a tmiform elevation of 250ft 
and the line of sightniast nowhere be less thanOft above the surface (KU) 

(Aos. 57 0 ft ) 

Q &4 Two stations A and Bare 60 miles apart . the top of the scaffold at 
A IS 7o feet above mean sea level and height of the ground at B w 2080 ft above 
the same datum The highest intetremag point is at C 25 xoilea from B at a 
height of “SOfeet above M S L.riodthehetghto(thescaffoldingatBiaQrder 
that the line of sight may clear the point C by 10 ft ^ I 

(Ans 27 1 ft ) 

Q Co The altitude of two proposed stations A and B 80 rades apart 
are 2066 ft and 3487 ft respectively The highest intervening point la at C, 
SOmilesfrom A at an altitude ISOSft Ascertainif AandBareintervuible (0 U ) 
(Ans The line oC sight fails to clear C hy 64 87 ft ) 

Q 66 Two proposed stations A and B 7 o miles apart are at altitude of 
ISuO and 3300 ft above II S L Two iuterveiung points C and D are at altitude 
of 96o aad 1760 ft. respectively above the tarsK datum, their distances from A 
being 20 and 60 miles respectively If the height of instrument at A is 25ft ) 
above ground at the station find the height of signal at B so that the ray 
from A to B may clear the ground at D by 10 ft tVhat will be the height of ray 
AB above point C t (Aos 86 ‘1 ft , 417 49 ft ) (VP) 
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Q. 67. Directions were observed from a satellite station S, 6'54 ft. from 
station A, and the following results were obtained — 

Station Observed direction Distance in ft from A 

A O'* O' — 

B 39 13 7021 

C 92 46 6122 

P 169 28 5o56 

E 26* 4* 7335 

Correct tbe observed directions to those which would have been measured 
if the transit bad been set up at station A {U. B.) 

ftrnedirectionof AB = 39* 15' I' 4jTrue direction of AD = 169“ 28' 44' 39-1 
I .. „ of AC=9249 40 • 2| „ of AE « 264 40 56 9 J 

Q. 68. Explain bow you would prolong a “ Easebne ” A tape of 100 ft 
nonunallength was standardised on the flat audits length at 65“ F under a pull 
of 201b , was found to be 99*973 ft It was used in catenary at the same pull and 
at a temperature of 57“ F. to measore a short span, the measured length of 
»liichwa3 76 41ft What was the true length of thespanbetweenenppocts if the 
tape weighed 2 lb per 100 ft. and the coefficient of thermal expansion was 
0 0000062 per F.l“ ? (K D ) 

(Aus. 76 37 ft y 

09 (a) Give a bst of corrections to he applied in Base line meaanre- 

meats, indicating whether they are additive or subtractive 
(b) A part of Base line was measured 500 ft by a tape of 300 ft. 
length standardised on the flat ooder a poll of 22 lbs It wa» 
nsed in catenary with tnpod snpportsin between, dividing 
the length into three equal parts. Theft L S of tops 
ofinpods from start were 100. 101, 102 6, and 103 5andthe 
poll appbed was 22 lbs Find the correct length of the base 
line measured, given, width of tape»0 2 inch, Thickness cf 
tape=0 02 inch , weight of 1 cub.iach of steelcO 281b (ED.) 

(Ans 299 932 ft > 

Q> 70. Give a list of correctjons to be applied in base bae measuremente 

Ton measure a base of six bays with 100 ft steel tape in catenary at a tem. 
peratnre of 94“F. The snpports of the tape are 1 65, 2 43, 2 64, 4 OS, 3 21 
find 3 94 ft above the first support The steel tape in catenary with supports at 
the same level measures 100 073 ft at 70“ F. Coefficient of expansion 
0 0000065 per 1“F. What is the true length of the base 7 (U. B ) 

lAns 600 5 ft ) 

Q 71. A tape of 300 ft nominal length was standardised on the flat and 
its tiuelengtb found to be 300 014 at 72“ F It was then U'ed in catenary, m 
three equal spans of 100 ft each, to measure a level ba=e line, the apparent 
length of which was found to be 2699 3 ft The weight of the tape was 12 oz. 
per lOOft. lengthaudthepull used, both during standardization and during the 
held measurements was 16 lbs Asauoie that the mean tempciature during the 
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■fie d neaaTireinects "was 6J" ? and Ite eoeSneni of thetmal eijacaon of tte 
■tap“»0 0000062 p«T 1® r WKat Tras the true Jengtli of the baseline * (UP) 

(Ans. "ego IBT fU) 

Q ~2 A steel tape 13 100 ft long at a temperaltire of eCT P srhea placed 
ho-izontaHy on the eronnd. If «ts sectional area « 0 012 »q in. and weight 
4lb and coefSeien* of expannonSaxlO " per I* P , calenlatetheartnal length 
o^ the tape at 90’ P and pall 40 Ihs and sag the tape i» to be nsed between 
three supports (G U ) 

(Am IOO 009 ft.) 

Q ~3 Descnbe the equipment reqoited for raeasnRng a base line accn 
ratel7 in Tnangnlation «tnTeT 

A field Ftcel tape is 300 ft. long at a temperatore of 60’ F when Ijrng 
bonzantal on the ground at the time of etandardizatiOQ lU cross-sectional 
area is 0 00"S sq in. and its total weiiht S lbs. In the field, the tape is supported 
a’ three points the supports being eqtudistant aod at the same lerel Cblenlate 
ihe a length of the tape at a temperatore of 1)* P with a poll of So lbs 
Tahe cneScient of espansicnxO 000006oandE«30x I0*lb3.persq itt.{0 U) 

(Am 299 72o ft ) 

Q ~4 TVhile measonag a base boe the field tape was standardized at 

P with a pnll of 20 lb< stKtched in tbtee equal spans of ICO ft each. 
It was apparentlT 0 G>4 ft longer than the <tandatd distaste of 300 ft heU 
ween Mtabchee. Find the correction pet tape length tf at the time oftaeasve 
fD*nt in the field, the temperatore was “6 T and the pull eserted was ii tba 
Weight of the tape — ■* 2olba Section of tape> 1' X l/oO* Ew2‘*xl0* lbs 
persq la. eoeScMst orezpannoo per I* F >3x10*' (0 U) 

(Ans. 300 OsS ft.) 

Q "•» What IS meant by Base net” Describe, ■with ahetches the 
methoifs of prolongiog a given base Lae A tape of 300 ft nominal length was 
stanlirdised on the flat and its true length fouid to be 300 013 ft. at 70* F It 
wai then used in catenarv in three equal spans of 100 ft. each, to measure a base 
line the apparent length of which was found to be 2603 67 ft The weight of 

the tape was I** oz per 100ft length and the pall used, both during standard 

izat iQ and during the field msasmeineDts was 13 lb Asram* that the mean 
tempemtnre dnnng the field measamnenU was 60’ F and the coefficient of 
thermal eipansion of the tape was 0 0000062 per 1* F What was the length 
of the Une f\J B) 

(Ans. "eas 34 ft.) 

Q 78 (a) Diacn 1 the relative merits of tnangulatioa and precise trarer 

sing for carrying out the enrrey of an estensiTe area 
(b) Calculate the eorrecUons for temperature, pnlJ,aod sag from 
the following data for znessnrement of a baseline (i) JCesvsnied 
length of base Une 11.200 ft (u) Length of steel tape 200 ft 
under a pull of la lbs at a standard temperature of So* F 
(ui) Sam of tbermometer readings 7230* F 'Nainberof 
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readinga on each tape length 2 (iv) Pull on tape in the 
fieldSOlba tapesupportedateTcry 100ft {v) Section of tape 
0 “’0x0 0“' inch Weight of tape per cubic inch = 0 28 lbs 
Assume coef&cient o expansion = 0 0000063 per 1® F 
E = 30 X 10® lbs per sq inch Find the correct length of the 
line (U P ) 

(Ana C<- +0 70o6 ft , Cp-+0 4648 ft Cg= -2 1050 ft 
lengths 11199 06 ft) 

<3 77 (a) Describe the field operation^ necessary for measunng a base 
line 

(b) A steel tape was exactly 100 ft in length on a plane snrface 
under a pull of 20 lbs ata t«iuperature60® F Itweighed2 81bs 
^ baseline wasmeasnred with this tape suspended in ten equal 
spans oflOOft each onderthesame pull of 20Ib9 thetempera* 
ture being 70® F The first five spans were jo level and the 
TtraainiDg were in nniform slope of V vn 100 Compute the true 
length of the base line Coefficient of espansiontsO 0000063 
per 1® r (K tJ ) 

(Ans 999 196 ft ) 

^•3 73 (a) What 19 meant by Convergence of Meridians ? Determine 
the convetgeace in a traverse having a departure of 21 59S 
miles m a mean latitude of 56* 3 Take R a 3916 miles and 
ogtan 1 «> 4 4637 

(b) The angles of a triangle ABC were recorded as follows — 

K m 7"® 14 20' rreigbt 4 
B - 49 40 3o .. 3 

C - 63 4 52 „ 2 

Give the corrected values of the angles (S U ) 

(Ans (a) 28 9' (b) Corrections €*=+3' Cb=+ 4' C = 6') 
'Q 79 (a) Describe the vanous grades of triangulation What are the 

limits of (i) errors in apgularmeasurcments and computed 
distances, (u) the lengths of base lines and sides of triangles 
(b) Find the most probable values of the angles A B and C of a 
triangle ABC from the following observed values — 

A = 50® 20 29' B=60® 14 40' C=69* 24 46' (K D) 
(Ans Corrections to the angles A B andC are each equal to + 1' 67 ) 
Q 80 (a) What 19 meant by (i) Convergence of Slendians and (ii) 

Spherical Excess T 

(b) Two points A and B have the following co ordinates — 

Point Latitude Longitude 

A 53® 22 12' N 92® 33 40' E 

B 53®2ol6'^ 92® 32' 10' E 

^ind the convergence of the meridians through A and B (K U.) 

(Ans 6 8' 98 ) 
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Q 81 The observations dceni^ the homon at a station aie — 

A =» 24« 22 18 2* weight I 1 C-SOa’ 25 13 9' weight 2 

B =» SO* 12 24 4* 2 I B+C^aSS® 37 33 O' „ 3 

A+B *» 54* 34 48 6' „ 3 I 

Bind the most probable -values dt the angle A, B and C (UP) 

(Ans Conections C^= +3 192*, Cb“- 40 685*) 
Q 83 IVhat IS meant b; sideeqnation 1 State the equations of condition 
whichmnst he satisfied in the adjasttaent of (i) a triangle with a central station 
and (uj geodatic quadrilateral Ei^in cicariy how you would adjust these 
figures. (DP) 

Q 82 (a) What ate the effects of the vnnature of the earth on survey*? 

The following results were obtained in running tv tTaverse surrey for a pro- 
posed railway 

Station A B C B 

Deflection Angle 8®K lO’I, 

Length in miles 12 15 20 

The latitude of A was 48* V the azimuth of AB ( by astronomical observa 
tion) 46® ay State what correction must be applied to the bearing of CD at D 
as obtained from the traverse to allow for the convergence of the mendians 
Take the mean ladivu of the earth w 3918 mile* (U F ) 

(Atu 32 15 78' ) 

Q 83 (a) Enumerate the principle of least squares Show how thie 
principle Is used for detenmoiog two anknowns in linear equations 

(b) hleasurement of tbe angles of two triangles having a common 
side BC gives 

A - 54* 17 28* 2 I C. - 71* 25 14' 1 
Bi - 6 j 2 35 0 I B - 111 14 33 2 

C. - 60 39 57 2 | C - 132 5 13 4 

B, •* 46 12 3 8 ) D - 62 22 44 0 

Adjust the angles (C B ) 

<2 81 (a) What is meant by Convergence of llendiana I Derive an 

expression for the same 

(b) Detemune the approiimate increase in azimuth in a traverse 
which has total northings and eastings each of 42500 ft. from 
a station in latitude 69' 10 N , given that the radius of the 
earth- 20800000 ft and log tan 1 = 4 4637 (U B ) 

(Aw 11 42' 6 ) 

Q 85 (a) Show that the change in Azimuth in a long survey line is the 

product of the difference of longitude at its ends and the sice 
of the average latitude of its ends A'sume the shape of the 
earth to be a sphere 

(b) ProiuastationAof latitude 56' N the following traver'e was 
TOU — 

Line Length Bearing 

AB 8 nules h "6» E 

BC 0 milea L 71' E 

CD OmiSea \ 65' E 
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The bearing of AB wae deduced from Azimntli observation and those 
of BC and CD trom deflection angles Find what correction mast be applied 
to the reduced bearing of CD at D to allow for convergence of the meridians 
Assnme the mean radius of the earth as 3916 miles (U B ) 

(Ans 28 9 6' ) 

Q 86 Adjust the following station obsermtions — 

A = 34® 18 20' iweight 1 A+B- 62 50 ^9 6 weight 2 
B- 28 32 12 8 , 2 A+B+C=8o39 8 6, 1 

C = 22 48 32 6 . 2 (U B ) 

(Ans Corrections Ca= - 1* 07 Cp- -O' 53 Cc= + 1' 47 ) 

Q 87 Find the most probable values of the following station observations 
•eloang the horizon 

« — 54® 13 38' 6 weight I I y = 257® 13 4' 3 weight 2 

^ = 48 33 13 8 „ 2 ^ +-y = SOo® 46 17 8 2 

« + /» =102 46 57 3 1 [ {G D) 

( Ana <e -54® 13 41* 34 p =48® 33 14' 33 7 = 2o"® 13 4' 13 ) 

Q 88 The angles in a quadrilateral ABCD resulting from the station 
•adiastments are as follows 

ICA1> a 38® 44 6' I ilBCA - 69*4 21' 

^CAB - 23 44 33 AACD = 39 37 48 

4ABD - 42 19 9 ^CDB «> 26 25 51 

4DB0 ■ 44 52 1 I ZBDA - 7a 12 14 

Gompate the adjustment for Geoemtne condition and for Tngonometne 
condition (U B ) 

Q 89 Explain the method of adjusting observations bj the method of 
least Squares 

Pteciselevelling wascamedout toestabUsh heights of three stationsB C D 
above a datum A The following are the record of observationa — 

Bnd oflines Bise FaU Weight 

AB 4 71 I 

BC 3 59 2 

CD 1 48 2 

DA 9 72 I 

BD 5 10 2 

Compute the most probable enoia in leveUing and the Reduced Levels of 
B C, and D, if R L of datum is 100 00 (D B ) 

Q 90 The following angles were measured at a station 0 so as to close 
the horizon — 

AAOB = 83® 40 28' 7o weight 3 4COD = 94® 3S 27' 23 weight 4 
ABOC = 102 15 43 26 2 aDOA = 79 23 23 77 „ 2 

Adjust the angles 

(Ans -0 OS'. —0* Do —0 47', — 0 95' ) 

Q 01 Solve the triangle ABC in a tnangulation survej, by Legendre s 
method from the following data — 

Length of aide AC = 97375 R jrAc.88®34 O', ^B = 40® 15' 30', 
AC = 61® 10 34' , observations being of equal weight (U P.) 

( Ans s - 124949 2ft . 5 » 80771 2 ft) 
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Q 92 lBOTdertolo<5atetliepo9*t»ooOof»boat, obserratJoiawereiiiadeto- 
three pojnts A, B, C on shore The angles AOB and BOO were found to be 
48® 55' and SO* 29 respectively Prom the map AB was scaled as 1200 ft. 
and BC as 700 ft , while the angle ABC measured 158® 39 Whatwere the di^ 
tances of 0 fioia A B, and C respectiTely t (G U ) 

(Ans 0\ - 1564 ft , OB « 1"86 ft , OC = 1361 ft ) 

Q 03 (a) Gire a list of the various methods of locating soundings n 

Hydrographic sarreyiog 

(b) Write a short note on Tide gauge and its use (K tl.) 

94 In order to locate the position P of a boat observations were made 
to three points A, B and C onshore, thepcdnts B and P being on opposite ades 
ofAC Thcangles APBandBPC werefonnd ti>be20® 6 and 35*6 respectively 
The lengths of AB and BC were 6670 A and 12480 ft respectively, and the 
ingle ABC was 152® 24 Delenmoe the distances PA PB and PC (K V ) 
(Ana PA»18339 3ft , PB»> 19105 8ft . PC-21466 3ft 


Q 9S 


The 00 ordinates of three stations are — 

Station Co ordinates 

South Bart 

AO 0 


B 0 800 

C 600 1250 


With a sextant at a point P. the angles to A> B and Care found to be APB 
-62* 12', BPC-70* 30 Find the co ordinates of P ^ > 

(A&s 714 2S, 705 211 ) 


Q 66 A, B and Care three visible and charted points in a hydrographies 1 

survey The angles AFB and BPCare observed with a sextaat berveen A and 
B and B and C respeetively from a soosding boat at P, and found to be 
27* 44 and 25' 40 respectively, the points B aadP being on opposite «dea of 
Aa The lengths of AB and BC are 5080 ft and 3586 ft respectively, and 
the angle ABC is 61“ 52 Ceteimine the distances PA, BB, and PC (U B.) 

(Ans 4243R , 6119ft ,3101ft ) 
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-ibbreviationj and symbols, 274 
-Adjustment of chain of triangles, 430 
dased trarerse, 491 
geodetic qnadrilateral, 441 
It approximate, 444 
lerel net, 469 
lenl work, 464 
ofeerTations, 393 
plane triangle, 423 
Pa^rgon with a central station, 451 
SMdrilaterai ^th a central station, 447 
traegle ^ eentral rtation, 434 

‘»o connected tnangles, 431 
A^Jistnwnta of sextant, 509 
theodolite, 23 
^^nporary 28 
permanent, 30 
Aertal Mrreyiag, 578 
•«Kl«d sides. 3 
AJtmeter, 580 
^trtnde definition of, 248 
AnaHahc lens. 75 
Apparent solar time, 266 

First Point of, 246, 232 
**^9mcal terms. 245 
‘roe. 260 
Wngle, 257 

^***-®gnal correction, 49 
248 

•determination of, 300, 305 


B 

I'ae. 344 373 
broken, 382 
cheek, 344 
♦xtenaion of, 388 
«ld work, 375 
“teasojcnient of, 373 
ccdnetion to sea lovel 383 


side of 373 
Base net, 373 
Batter iwards, 353 
Beaman stadia arc, 83 
Bearing of a line, 477 
Booking lachcomatr c lurvey, i t 
Buoy, 507 


C 

Calculations forcombmed oroomposiie 
curre. ISO 

Camera multiple lens, 679 
stations, 576 
Celestial equator, 246 
bonzon. 24S 
mendian, 247 
poles. 246 
sphere, 244, 24o 
Cirde smaQ, i35 
great, 23o 
vertical, 248 
Circumpolarstars, 254 
Closed arCDits. 568 
Closing error of traverse in oily 
survey, o44 
aothoid, 74, 176 
Co altitude, 248 
Co declination, 248 
Co latitude, 248 
Co ordinate systems 249 
Co ordinates rectangular, 1 
geogmphical, 240 

Coefficient of expansion, invar taoc5 37 > 
steel tapes, 379 

Colby s compensating bars, 374 
Combined curve, 170 
calcnlations for, 186 
length of, 185 
setting oat, 188 
Compensating bars, 374 
Composite curve, see combined curve 
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Compatatioas of geodetic positions, 480 
aides of sphencat triangle, 425 
Conditioned quantities, 401 
Control ground, 67D 
horizontal, 524, 543 
Tertical, 525, 545 
Contours, 

Irwatiug, 

methods of locating, 527 
Convergence of meridians, 477 
Conversion of degrees into hoars, 27a 
of mean solar tune Into 
sidereal time, 2SI 
L. S T. to L 31 T , 279 
L 31.T toL S T 280 
L A T to L 31 T , 231 
Correction for absolute length, 378 
bubble error, 293 
curvature, 4a, 47 
dip, 297 

homontal alignment SS2 
M angles, 293 
index error, 302 
parallax, 294 
poll, 379 

refraction, 47, 293 
sag. 379 
sea level, 333 
senu diameter, 290 
slope, 3S1 
standard, 373 
temperature, 378 
tension, 379 

Corrections to observed altitude of 
celestial bodj, 291 
base line mea«urements, 377 
Cubic parabola, 170, 182 
spiral, 170. 185 
Culmination, 255 
Curvature and refraction, 45 
corrections for, 47 
Curve tangent 112 
Curves, 110 
Compound, JIO 
degree of. 111 
nomenclature of, IH 
obstrucUons on, 130 


reverse, 110 
serpentine, 153 
ample, 110 
transition, 169 
vertical, 206 

Curve ranging by deflection angles, 124 
offsets from chords, 122 
„ „ Icdg chord, 116 

„ „ tangents, 118 

Bankine's method, 124 
successive bisections of arcs, 118 
taeheoraetric method, 129 
tcro theodolite method, 127 

D 

para surveys, 532 
Datum, 504 
Day sidereal, 26s 
apparent solar 269 
mean solar, 266 
Declination astronomical, 248 
Dclambre s method, 426 
Departures. 1 
Direct reading 
tacheomeiers, 85 
deffcott, 86 
Srepessy, S6 
Hammer rennel, 87 
Direction method 363 
Dupbeate lines, 465 

E 

Easement curve, 169 
Eastings and westings, 1 
Eccentric station, 366 
Eccentncity of signals, 369 
Ecliptic, 246 
obliquity of, 246 

Effect of curvature of earth on rurvejA 
4.76 

Elements of compound curve, 150 
cubic pambola, 182 
cubic spiral, 185 
simple curve, 113 
true spiral, 184 
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Etaagatvoo, 258, 306 
Equation conditional, 396 
normal, 396 
obsemitioa, 396 
reduced observation, 396 
Equation of tune, 263 
Equator celestial, 246 
terrestrial, 246 
Equinoctial Points, 246 
Equinoi, autumnal, 246 
Temal, 246 

Equipment for base line measure* 
ments, 37o 
city survey, 545 
eouudings, 504 
tacbeometric survey, 92 
Errors, provable, 40o 
residual, 396 
true, 396 

Eye and object correction, 40 
Exteasion of base, 388 

F 

False station, 366 
Fathometer, 606 
Field astrofiomy, 235 
Field book tacheometer, 94 
Field location, 540 
Field \ape, 375 
Figure adjustment, 419, 423 
First Point of Anes, 246 
of Libra, 246 
Fixed hair method, 69 
Flight altitude, 5S0 
determination of, 5S0 
Focussing eyepiece, £9 
object glass, 29 

D 

Gauges tide, 604 
chain, 504 
float, D04 
staff. 504 
Gauss’s rule 420 
Geodetic distance, 4S 


Geodetic eurveymg, 343 
G A ^ , 274 
G U N , 274 
G. il T , 274 
Great circle*, 23o 
Greeasvicli meridian, 241 
mean time, 263 
Ground control, 570 

H 

Height and dutance formulae la 
tacheometry, 7S 
Height of towers, 349 
Heliotrope, 337 
Doldiog the staff, 90 
Bonzon celestial, 245 
rational or true, 245 
sensible, 246 
visible, 246 
Bonzontal angles 
measurement of, 33S 
Horuootal control, 601, 624 
parallax, 294 
Hoar angle, 248 
Hydrographic map, 507 
sutreying, 601 


Index correction, 292 
loteimediate points, 467 
Intemsibility of stations, 349 
Invar tape, 374 

J 

JeScott direct reading tacheometer 86 
Jonctioa gradient, 569 

L 

L A K,274 
L A T . 274 
L M N . 274 
L M T,27t 
L S T.. 274 
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Latifode. 240, 248 
detcmunation of, 324 
Latitades and departures, 1 
Latitudes and longitudes, 240 
Lars of probable errors, 405 
weights, 397 
Lead, 500 
Lead Lues; 503 
Least squares, method of, 393 
Legendre’s method, 426 
Lemniscate curre, 223 
Length of comhined tur^e, 185 
great circle arc, 235 
small circle are 23f 
Lens anallatie, 75 
multiple 679 
l>Tel net, 469 
Leyels in tunnelliag, 567 
lanutiog length of sight, 92 
Uae ofeoUuaatJon adjostmeot of. 33 
Line base, 344 
Local time. 268 
Locating contours, 626 
ftonndings 612 
Location of details, 633 
highest or lowest point, 214 
piers 659 

tangent points, 114 
Location sucre;f, 64O 
Longitude, 241, 248 
determination of, 334 

JI 

Slaking soundings, 511 
Map city property, 547 
topographic,548 
nndergroand, 547 
wan, 547 

Marking stations m city surrey, 549 
geodetic surrey, 343 
Mean solar time 2G6 
Mean sun. 2G6 
tune, 266 

Measurement of angles, 35s 
instruments for, 358 
Methods of, 3C0, 363 


Uendisn, 247 
cdestiah 247 
determination of, 302 
Ifendians, convergence of. 475 
SCethod of least squares, 298. 

Method of repetition, 360 
Methods of curre ranging, Ilf 
Mirror bonzon, SOS 
index, 607 
hloaonients, 546 

Most probable values of quantities 39€> 
Movable hair method, 82 
Multiple lens, 578 
lines, 467 


Kadir, 245 

Napier’s rules of circular part*, 238^ 
Nanticat mile £42 
sextant, 307 

Nomenclature of curve.lU 
Normal equa*>on, SOd 
roles for, 400 
tension. 3S1 
North pole. 246 
Northings and southings, 1 
Notation for circular curces, Ilf* 
compound corves, 149 
reverse currea, lo3 

0 

Observations, definitions of, 393 
Observatories, 683 

Obstaclesinsettiagoutsimple cor vcS.lSO 
Omitted measurements, 1 
Overlap longitudinal 579 
side. 579 

P 

Paper Jocatjon, 639 
Parallax astronomical, 294 
in alUtnde, 294 
bonzontal, 294 
conectioa for. 205 
PhraOel of latitude, 241, 499 
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Parallel plate bubbles adjustment, 31 
Partitjon of land, 19 
Peg interval, 114 
Phase of signals, 356 
Photographs number of, 581 
oblique, 67D 
vertical, 519 
Photogtammetry, 570 
terrestrial, 570 
aenal, 570, 578 
Photograph'® surveying, 570 
Photography vertical, 579 
obliqne, 679 
Photo-theodobte, 570 
Zeiss, 575 

Plotting soundings, 517 
Point of curve, 112 
tangeney, 112 
Polar deflection angle, 225 
distance, 248 
ray. 225 
Polans, S03 
Pole north, 24G 
south, 246 
star, 302 
Precise levelling. 

ftcenracy of, 545 
Precise traversing, 544 
Pielmunary survey, 536 
Piune vertical, 248 

Principle of method ofleast square*. 398 
of terrestrial photograiwnetry, 571 
Probable error, 405 
Pull, correction for, 379 

Q 

Quadmntal beanng, 2 
Qnadnlaleral geodetic, 345 
Quantities, definitions of, 395 

R 

Banges, 610 
Range lines, 510 

Baabne’s method of Curve ranging, 124 
Beading the staff, 91 


Beeonnaissancc, 347, 534 
Reduced bearing, 2 
Reduction to centre, 366 
to mean sea level, 383 
Reduction of eonadings, 616 
of stadia notes, S3 
Reference luaik, 266 
B. U, 

Referring object, 300, 363 

R. O. 

Refraction, 45 
coefficient of, 46, 47 
correction for, 47 
Beitemtion, 360. 363 
Repetition, 360 

Beqoirements of transition curve, ' 
Residual errors 398 
Reverse curves, 110, 153 
Bight ascension, 349 
Rigid bars, 374 
bunetalhc 374 
compensating. 374 
contact, 374 
raonomctaUic 374 
River surveys 503 
Rod stadia, 68 
Route survey*, 634 

RnJesforconvcrtionofL S T.toLMT 
and vice versa, 279 

3 

Sag, 363 

correction for, 379 
Satellite station, 366 
Sea level reduction to, 383 
Sectional lines, 466 
Semi diameter. 

correction for, 296 
Sensible horuon 346 
Serpentine curves 153 
Setting out bnildiags 55]. 
badges. 5S6 

coraposite or combined curves, 185 
compound curve*, 151 
Calverts, 536 
Lemniscate curve, 223 
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piera, 5o9 
taanels, o60 
rertical curves, 206 
by chord gradjenta, 211 
bv tangent correctionj, 210 
under^onnd, 5 Cj 
S extant nautical, 50“ 

Shafts, o64 
Sidereal day, 26o 
Sidereal tune, 265 
Signals, 3o6, 506 
night, 3a7 
opaque, 357 
sun. 3a: 

Small circle, 23j 
Solar attachment, 336 
Solar day, apparent, 266 
mean, 266 
Solar tune, 266 
apparexA, 266 
mean, 256 
Sounding ho&t, cOl 
ehaiD, o06 
lead, 606 
lioe, 50 j 
machine, •jOC 
rod, BOj 
Soundings, 

equipment for, oOl 
locatmg, fil2 
making, 511 
reducbon ol, 61C 
plotting, 517 
Southings, J 
Sphere, 23o 
Spherical 
angle, 237 
excess, 423 
tramgle, 237 
area of 239 
trigonometry, 237 
•Spiralling componnd curves, 100 
reverse curves, lJ2 
Spire leal 3S 
"Stadia, 67 
"Staff cange. j 04 
stadia, 6S 


target, 82 
Standard time, 270 
Station adjustment, 410 
Station marks, 348 
Station pointer, 518 
Stations height of, 349 
selection of, 34S 
Steel invar. 374 
tapes. 374 

Stereo autograph, 578 
Stereo comparator, 573 
Stereo-photogianunetry, 575 
Stn ding level, 39 
Snbtense theodolite, S2 
San dial, 314 
SopeielcTaticm, 170 
Snimnationadjustmcnt, 411 
Snr&cc alignment, 562 
Surface sorvey, 561 
Smeneg aenal, 570, 578 
bnege 5o6 
city, 643 
geodetic, 343 
hydicgraphic, 601 
photogTsphtc, 570 
route, 534 
etadia, 63 
tacheometne, 67, 62 
topograpbic, S23 
tngonometncsl 343 
Surreys aenal, 570, S78 
bridge, 556 
«ty, 643 

city property, 547 
construction, 541 
dam, 532 
geodetic, 343 
hydrographic, 501 
location, 640 
photographic, 570 
preliminary, 536 
recoonaissance, 347, 634 
nver, 502 

tacheonietTie, 67, 92 
topographic, 523 
trigonometrical, 343 
stems of co-ordinates, 
altitude andaruDuth 249 



CNDES; 


cos- 


dec\)CiaUcm a&d Lcmr anglCi 2ol 
declioaUoa and nght ascension. 252 
latitude and longitude, 240 

T 

Taclieoiaetcr, 67 

detennination of eanstanU of, 73 
principle of, 69 
Tacheometry, errors in, 93 
field bool;, 95 
field work, 92 
pnnciple of, 70 
stadia metkod, 09 
snbtense method, B2 
tangential method, 88 
Tacheometncsorveying, 68, 02 
Tangent ouTTe, 112 

Tangential angles outre mngiag by, 124 
Tapes, invar, 374 
steel, 374 

absolute length of, 375 
nominal length of, 37o 
Tavistock theodobte, 339 
Tempeidture correction for. 378 
Tension oorrection for, 379 
Terrestrial refraction, 43 
Tertiary truogulatioo, 340 
Theodolite, 

adjustment of line of coUimation, 33 

plate bubbles, 31 

telescope bobble, 40 

tmniuon axis, 3$ 

photo, 5 5"0 

setting up, 28 

spire test, 38 

Tavistock, 359 

tunnel, S61 

Zeiss, 359 

Three point problem. 455 
analytical method, 456 
graphical, 5J9 
mechameal, 518 
Tide gauges, fiO-t 
Tune npparent, 266 
astronomical, 266 


eivil, 538 
Greenwich, 268 
local, 268 
sidereal, 265 

eoaversion of mean solar to 
tidereal, 272, 279 
eoavecsioa of sidereal to mean 
Solar, 272, 279 
detettmnatioQ of, 310 
standard. 270 
Topographic survevs, 523 
Topographic map, 523, 546 
uses of. 523 
city, 546 
Towers, 351 
Transit of star, 225 
Transition curves, 10 1 
characteristics of, I'O 
clothoid, 174 
cubic parabola, 175 
cubic spiral, 170 
Lemni'cate, 223 
length of. 172, 22" 
setting out by deQe^tion angle’, 1 99> 
tangent offsets, lb9 
Transfemog surface alignment 
underground, 56o 
Unis underground, 56S 
Travem. co ordmates, 1 
Traverse survey. 1 
Triangle adjustment, 419 
Triangles, astronomical, 2o7 
best shaped, 34a 
sphencal, 237 
area of. 539 
properties of, 237 
Triaagulation, 343 
accuracy of, 340 
adjustroest, 410 
figures. 344 
pnmaiy, 346 
Secondary, 346 
tertiary, 540 
Tnangulation syatera, C44 
Tngpnoroetnral levellini, 45 
methods of, 50 
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apptoniuate metLod,55 

Kcipcocal obset^tioDe* 65 
single nbsersntion, 50 
■Tngoaometneal sorveying, 348 
Tropical year* 2T2 
Trne horuon, 245 

■Tunnel snrreyiag. accuracy of, S69 
Tunnel transit, 561 

U 

‘Cuderground beoeh marks, 569 
map, 64? 
sights, 556 
Useful data, 239 

V 

'Value of quantity, meet probakle, 39$ 
obeerred, 396 
tree, 396 

Teraalaqidain, 246 
Tertieal circle, 249 
‘Vertical currei, 196 
type* of, 19? 


SCRVEYLVG AND LEVEtUNt 

VcTlical photography, 579 
prime, 24S 
Viable horuon, 246 

TV 

TV all map, 517 
Vtculbaoli triangle, 566 
Weight, definition of, 395 
laws of, 397 
Westings, 1 
Wires iDTur, 37o 


Tear tropical, 272 

Z 

Zeiss aerocartogreph, 6S3 
Zeu5St«rec>pIaiugTapb,f$7S, 532 
Zeiss photo>theodol)t«, 576 
Zeisstheodohtc, 359 
Zeuth, 245 
Zeailh distance, 245 


♦ 



